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-TIE geineral hospitals on tlle lines of comnmunication in
-France have undergone a steady process of extension in
accommodation and development since August, 1914.
-They .have been housed very vatiously-some in the
-original tent units, some in huts, and some in large
,buildings adapted to their present purpose. Tented units
:under the clinmatic conditions of France have proved to
possess but onie virtue, tlhat of mobility,. and in all the
-tented hospitals still remaining a certain proportion of
huts for seriou.s cases, operating theatres, mess accommo-
-dation and stores and 6ffices, have been added. T'lhe most
satisfactory units are hutted tllrouglhout, and tllese leave
little to be desired eitlher for comfort or for satisfactory
work- even when comparecd witlh the civil lhospitals at
home. Most of the buildings now in use are either
of the nature of
public buildings
or of large hotels.-
Each possesses
some special advan-
-tages. The lacrgeo
rooms of casinos, etc'.,
form excellent wards,
easily overlook-ed and
economilical to. work,
but such buildings |
-need usuimiuy eon -

siderable reinforce-
ment withl reigard to | _
sanitary accoifonda-oda
tion. The hotels are
more convenient for
officers as pr'ovidiing~a large numrber of
smaller rooms, but
this necessitates a
soluewhiat larger
nursing staff, and
~reniders at-tention to
individual patientst s
a more troublesome
'task. I

Special lhospitals FIG. l.-Interior of a ward at a gen
are set apart for
the treatment of infectious cases, for skin diseases, and for
venereal cases.

All the Domninions are represented. Tlhus Canada,
Australia, New Zealand, and Soutlh Africa have all pro-
vided general or stationary hospitals in addition to the
milore mobile units present in the advanced lines. There is
also an American voluntary unit.
Each unit is comnplete in itself, possessing operating

theatres, clinical laboratory, and its own disinfecting
-apparatus. The only department tllat is commonly massed
when a number of units are coliected in the same area is
the mortuary and accommodation for post-mortem examii-
-nations. The majority of tlle units-tlle normal capacity
of wlichl is 520 beds-have been extended by the provision
of additional ward accommodation to receive 1,040 patients,
while in times of stress a furtlher extension to 2,000 is
possible by the addition of tents. The number of patients
whlich may need to be dealt witlh during active fighting
nmay be very large; thus during the first thlree months of
the action on the Somme as many as 8,500 wounded men
have been passd through a single unit. Tlhis necessitates
ample operating theatre accommodation, and in all either
'a large ttheatre is provided, or in one type of unit tw o s0
thlat at least fouir operating tables can be kept at u-orko
.cohtemporaneously. In spite of thlese provisions. at busy
-times the surgeons may be engaged continuously in shifts
foi- two or three days and niglhts without cessation.-

lWithin certain limits, arrangements exist for the aaggre
gation of special classes of injury, stelh as fractures of tlle
bones of tlle limbs, ilnuries to the face and jaws, com-
pound and complicated fractures of the skullland vertebral
columln, and -wounds of the clhest.

In connexion with each large h1ospital calup convalescent
camnps are established, anid life in these is rendered more
pleasant to the men by the provisioni of the social lhuts of
the Youlng Men's Clhristian Association, the Clhurelh Army,
and otlher bodies.

HOSPITAL TRAINS AND MIOTOR AMBULANCES.
The vast majority of the patients admitted to the

general lhospitals are brought down by the hospital traius.
Altlhouglh even tlle best of the presenlt trains can only be
said to be a slight advance on some of those in use during
the Soutlh African cam-paig-n, or those already provided for
transporting the patients on their arrival in port in
England at tlle comumencement of this war, yet tlle develop.
ment of the hospital train in France was a matter of
extreme urgency and great difficulty in the initial stages 6f
this campaign. It seems as if botlh France and Germany
had relied for the railway transport of the wounded on the
same means wlhiclh served the purpose in tlle war of
1870-71. In fact, witlh tlle exception of the addition
of frames for carrying stretchers placed on the floors

of merchlandise
wagons, no special,
arrangements appear.
ta have been made.
The trains conveying
the -wounded frozn
the front were pro-.
vided with no perj
manent arrange'.
m en ts for cooliing
food, no sanitary con-

I veniences, no pro.
vision for tlle carriage
of water, and, in fact,
consisted of a nlere
string of trucks, withi
no means of inter.

- commlunication to
allow the attendants

... to pass readily from
wagon to wagon. To
add to trie miseries,
of the journeys made
in these trains, they
were long, some-

_ times extending over
two or tlhree day'.s

neral hospital at a base in France.- before the west coast
was reaclhed.

A small difference in gauge in the Frenclh and English
lines prevented the prompt slhifting of Englislh lhospital
carriages across the Clhannel, and too great praise cannot
be accorded to tlle officers who set to work to improvise
more satisfactory means of railway transport. Odd car-
riages of every build and description were obtained when-
ever opportunity offered, and within a few weeks with'
alterations hastily but effectively carried out, a number of
efficient if not luxuriously appointed hospital trains were
forthcoming, and it says muclh for the officers wlho did tlhis
work that although at the present time over thlirty hospital
trains are rLunning, no less than seven are of the original
improvised series, and are still found efficient.
One word should be added regarding the fleet of impro-

vised barges which run on tlle canals between the front
and tTvo of the general hospital areas. There is no doubt
tlhat the smuooth passage of these boats provides the acme
of comfort for patients to wlhom the unavoidable shaking
of a railway journey entails both pain and harm. Tt is
unfortunate that the general utility of the barges is limited
to the few districts in wlhich canals are to he fou1nd.
The splendid motor amnbulance convoys attached to each

district, and for most of whicll the army is indebted to t1s6
Red Cross. Societies of tlhe :United Kingdomz and the
Colonies, lhave been already referred to as to tlheir work at
the front, and; no furtther -mention of their devoted 'Work iA
necessary at this place.
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As to the last linlk between the general hospitals on the
lines of co¢lmmuniication and the base in England, the
hospital sllips, it suffices to say tllat they leave notlhing
to be desired.

WOUND TREATMENT.
Tllis question, whlliclh lhas exercised the inaenuity of

miiani since the birtlh of surgery, lhas abated lo jot of its
capacity for ar'ousiig controversy and avoiding a solution
Vcliell cani satisfy all.

Experienice lhas in no way controverted that gained in
civil practice in the uise of aseptic metlhods, btut lhas, on tlhe
otlher lhand, proved concliusively tllat advance in the treat-
nlent of septic wounids lhas had in. thjis camiipaign to start
from an unfamiliar standpoint, and lhas progressed but'
slowly. Practical application lhas demonstrated tlle supe-
riority of the Listerian priniciple anid metlhod, but tlhe
multilylicity of the cheinical media emnployed affords
evidence enough of the difficulty met witlh in establishing
any one mneans as-that suitable for every class of case. On
two points aloine canl no difference of opinion exist: (1) The
urgenev of an efficient' primary miechlanical cleansing and
exposure of the wouind cavity, anid (2) tlie -imnportance of
maintaining the wounded part -at rest. The latter point
raises tlho first great difficulty wbich lhas to be miiet by the
miilitary surgeon, the absolute necessity of early tralnsport

of tlhe wounded mi-ani; anid leads directly to a second,
the amount of interference advisable ini woounlds whlichl
have reached the " intermediate stage," tllat is, the period
of establislhed infectioni durinig its first phase, tlle conl-
dition, in fact, in wlicll a large proportion of all gunslhot
wounds reach the general hospitals on the lines of
communication.

Speakiing generally, it lhas been slhown that if the
primiiary imieclhanical cleansinig of the wounid lhas been
thoroughly carried out, lo further gross intervention
sliould be necessary; furtlher, that if want of time and
mnedical officers lhas not allowed of this procedure being

-fully carried out, yet if the wotund lhas been sufficiently
opened up and primary drtainage ensured, tI e stubsequent
treatmnelnt is comiparatively simple. Fromu tlhe poinit of
view of the surgeon on the linies of coimnmunicatioln, free
incisions are never objectionable, provided tlhey be m-iade
in suclh directions as not to render tIbe subsequent
secondary closure of the wounid imDpracticable, the onIC
structure for whliclh lie pleads avariciously being the

integument. Tlle prinmary cleansing, given satisfactory
surroundfillgs, cannot have been undelrtaken too early, as
every,houi'of delay adds to the subsequient task of dealing
wvitlh tlle infection. In this relation the imnmediate re-
moval of slhell fragments anid clotlling is of the first
importance, because if allowed to remaini the deferred
operation, even in miiinor wotunds, mnay prove a proceduLre
of great danger, wlhen the patient hias arrived at tlle
general lhospital on. the linles of cormimunication4 Such an

apparently trivial operation m'ay be followved at this stage
.by .an acnte extension of ana6robic infection iuvolviugKtlhe
whole segment of a limib, thje enItire imiember, or inideed be

sufficiently extensive to lead to the loss of the limb, or
even tlle patient's life.
The conditions of war, lhowever, not infrequently prevent

an ideal early treatment of tlle wounds. It may be impos-
,sible to remove patients fromi "No Man's Land," or even
from the trenclhes, for many hours or even days after
reception of the wound. On tlhe occasion of serious
figlhting the number of the wounded nmay mnake it impos-
sible for the requisite amount of time to be spent on indi-
viduals, especially those less seriously injured. Lastly,
unavoidable delay in trausport may result in extension of
infection and conversion ef a promisiing case as it left the
casualty clearing station into one arriving at the general
hospital in a Iligllly unsatisfactory condition.

Happily, wlhatever the initial procedure anid application
may lave been, in many cases tlle yountg and hlealtlhy
patients arrive in good general condition, tllh local wound
progressing satisfactorily, in some instances devoid of any
serious infection. In a considerable proportion, however,
men are admitted sufferinig, botlh generally aud locally,
with every grade of inifection from the sliglht to tlle most
severe. The foriner class presenit little difficultv, the
wounds lheal readily under any form of simple application,
or, as a time-savina and precautionary measure, tlle smaller
wounds may be comupletely excised and the gap sutured.
The latter- method, especially advocated by Colonel

LINES-OF COMMUNICATION. rjulm- 16, i2rT

H. M. W. Gray, has been attended by success in hlis own
-hands adt- in those of other surgeons-s particularly in the
case of uncomplicated scalp wounds or the smialler mnultiplu
injuries inflicted by fragments of slhells or bombs.
A vastly more difficult problem is presented by patients

arrivina in the stage of acute development of infections.
The wound has already been primarily opened up and
cleansed, anid the question arises whetlher further surgical
interference will effect improvement or lead to increased
extension of the infective process. On the one hand, it is
evident'tlhat the patient is suffering ftom an 6xvmerbation
directly due to tlle disturbance involved by transport; on
the othier, the possibilitv is always present that delay,
even of a few lours, may allow such progress as to rende
.any furtlher intervention useless. A roughi-and-ready
distinction between cases in whiich clinical evidence sug-
gests anaerobic or aerobic infection respectively to pre-
dominate forms tlje most useful guide. In the formro
case delay may be fatal to 'life or limb, in the latter an
interval of rest oftein results in a rapid subsidence both of
local signs and general symptoms, and no furthier incision
_may be required.,

Patieits arriving, at the geeneral hospitals may have been
submitted to several -varieties of primary wound treat-
mient. Speaking generally. thle pr;inciples adopted lhave
consisted in the maintenanice of rest, moisture, and an
antiseptic application. In tlhe earlipr stages of the cani-
paigin numerous anitiseptic solutiolis were employed, also
the hypertonic salinie solution, but of late, in the grea-t
majority of cases, solutions of whiich the active, con-
stituent is chlorine liave fouLind mos03t favour anid lhave
proved the most satisfactory in practice. Eusol, and witi
gradually increasing frequency the Dakin-Daufresne solu-
tion of lhypochlorite of sodiunm, are tilose now most comn-
inonly resorted to. In thle case of the former, moist
gauze dressings, id combination w%ith ordinary rubber
drainage tubes, have beenl generally emploved; for the
latter the techinique of Carrel is used.
A smaller number of casts have been treated by othier

methods, sucli as primary sutuire, thle salt pack, closure
after the initroductioil of a mixture of iodoforim, bismtiti
subnitrate anid paraffin (Rutlherford Morison's metlhod), a
solution of brilliant greeln, etc. A word may be a,dded
regardinig the. salt pack method advocated by Colonel
H. M. W. Gray. This miiethiod, consisting in a .thorough
pacliing of every crevice of the wound with gauze, between
the layers of whicih tablets of sodiuim: chioride are enclosed,
is suitable for wounids of the large- funniel type. or of-.
superficia.l nature. It is notsafefortuiinelwoinds,wounds
implicating thle larae vessels, or hiighily comminuted
fractures. The early action of tlle sodium clhloride is
inlhibitorv, and gives no aid to the lealing process; indeed,
the tablets, even when enveloped in gauze, cause local
necrosis of the tissues opposite to tlhem. On thle otlher
lhand, wounlds dressed iln this mauiier may be left un-
touclhed in many cases for a week or ten days, during
vlwhich period thje- )atients general conditioni remainsg
excellent. Tlhe packl, acting as a foreign .body, excites a
local teaction arotind the wound, with a-consequent narrow
wall of inflammatory infiltration wlliclh protects the general
system- from the absorption of toxic products from tlhe
wound. Suitable cases dressed in this manner arrive in a
surprisingly good condition at the general lhospitals, and
the wounds do well witlh subsequent cleanly antiseptic
treatment. Subsequent introductions of the pack are
neitlher coniducive to rapid closure -of the wound, clean-
liness, nor tlle amiienities of the wvard, and are undesirable.

It mlay be well lhero to mention the experience whichl
hias been gained as to tlhree points in the technique of
tlje treatment of septic wounds-drainage, irrigation, and
bathls.

Drainage.
The metlhods of maintaining tlle free escape of septic

dischiarges from the wound lhave undergone considerable
modification, although no dloubt has arisen as to the
cardinal importance of the principle to be carried out.
In the earlier stages of the war it was effected miiainly by
the introduction of rubber tubes of large calibre alnd otlher
devices, and tlhese wvere retained for prolonged periods at
the general lhospitals. The objections to this metlhod-tlhe
tendency of the tube to form for itself a localized channel
useless- for general escape of fluid, the presence of a foreign
body in the wound capable of exercising injurious local
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pressure, the establishmlent of a track by which infection
could be freely conveyed from the surface to tlhe depths of
the wound cavity, and lastly, tlle difficulty of determining
the moment at which the tube might be safely removed
after its prolonged stay-were obvious, but they were faced
for a time in view of the very serious infections thiat had
to be dealt with. A revulsion, however, soon followed,
in consequence of the unsatisfactory results attained, and
the tube is now retained as a provisional-measure, and in
many cases not emnployed at all.. The main element in
the decreased use of the cylindrical tube has been the in-
'troduction of what may be called the " curtain " metlhod.
Thlis is well illustrated in two forms by Carrel's and
Rutherford Morison's systems respectively. In Carrels
the wound surfaces are kept apart not by the small tubes
employed for the purpose of instillation, but by the layer
of fluid constantly renewed between them and the liglht
gauze packing introduced to retain it. In Rtherford
Morison's, a tlhin layer of an antiseptic medium covers
every part of the surface of the exposed tissues, and forms
a curtain or cleft which allows for the escape of such
fluids as may collect within the wound. *The drainage
effected by the salt pack is of a similar character, supple-
mented by the absorptive power of the pack itWlf before
it becomes thoroughly impregnated with the discharges.

Irrigation.
Continuous irrigation lhas greatly lost in favour; it has

the primary objection of inconvenience to the patient,
while experience has demonstrated the difficulty of pre-
venting the-fluid from forming definite runlets, and con-
sequently of ensuring the flow of the fluid employed over
the whole surface of the wound. Its use has consequently
been more and more restricted; and, except in the forin
of a periodical fluslh, irrigation is little employed.

Baths.
Antiseptic baths have also lost in favour with the de-

velopment of more effective antiseptic methods. Beyond
the obvious difficulties of so arranging the limb as to
avoid pressure and swelling (a difficulty, by tlle way,
much diminislhed by tlle excellent form of bath devised by
Captain M. Donaldson), the bath entails the serious dis-
advantage, in dealing with a septic linmb, of tlle imprac-
ticability of preventing hurtful movements of tlle part.

At the present time the most successful results that are
being attained in all forms of wound are undoubtedly
those in wlhiclh the Carrel-Dakin metlhod is employed.
This method has not only slhown itself successful in tlle
early treatment, but also in the later treatment of septic
'wounds, even in the stage of chronic established suppura-
tion. It has been definitely-proved that sinmple flesh wounds
dealt with during the first twelve hours after infliction can
be rendered practically sterile in an average of six days,
those dealt with later in an average of twelve days, that
compound fractures may be sterilized within threo weeks,
and that all three classes of case may be secondarily
sutured and closed at these dates. Economy in time,
diminution in the risks of secondary comuplications,
increase in the comfort and well-being of the patient
during treatment, are all ensured by the mnethod.

It also ensures wlhat lhas become tlje supreme object
in dealing with septic wounds, tlle possibility of early
secondary suture. The importance of using a bacterio-
logical test to determine the date of closure of the wound
cannot be too strongly impressed if anytlhing like lhabitual
success is to be attained. Opportunity has not yet been
afforded for the trial of the metlhod during a great rush of
wounded men, but arrangements lhave been made to carry
it out if possible. Even should this prove impracticable,
tlle system can readily be carried out in quieter times for
a very large number of patients. It lhas one obvious
advantage over any other metlhod of treating septic
wounds, thle production of a tlhin supple scar, not likely to

interfere with tlle mobility of the parts, or to cause trouble
by subsequent contraction.
The alternative metlhod of secondary closure (tllat of

Rutlherford Morison i) avoids tIme tedious process and care-
ful manipulation essential to the success of Carrel'smethod,
saves muell time on tIme part of both surgeons and nurses,
and the patient has not to undergo the discomfort of
repeated dressings. Little experience has yet been gained

of its suitability as a primary procedure, but in infected
suppurating wounds it has attained great success. It must,
hlowever, be allowed that tlhe cicatrix obtained is very
inferior to that which follows the use of Carrel'-s system,
from the initial period onward, and the inclusion of- particles
of bismuth and iodofcorm has some disadvantages, both
immediate and remote. One great advantage of Rutherford
Morison's method is also lost in the cases treated by it in a
field ambulance or casualty clearing station-the patients
must undergo transport with its consequent slhaking and
disturbance of the wound; hence patients with the slighter
injuries, wlhose wounds lhave been closed by this method
often arrive with the composition escaping from a wound
in which little or no union lhas taken place, and no
-appreciable benefit has been conferred.

While it may be said fairly that the Listerian principle
lhas been more nearly attained by the method of Carrel
-than by any other in use, and that tle results are of a very
satisfactory nature, yet it must still be allowed that an
ideal antiseptic medium remains to be found, especially
in respect of consistency of strength and persistence in
action. In botlh respects the bismuth-iodoform methods
offer some advantages to make up for the cruder character
of the cosmetic results obtained. In France the surgeon,
like the modern Jew, still awaits the advent of the
Messiah; perlhaps that advent is near in the person of
flavine. Meanwlhile, we rest in hope and happy in the
firm belief that " the stimulus of imperfection taking
place immediately calls forth the action of restoration,"
and the struggle is maintained to further the great prin-
ciple, "tthe first and great requisite for tlle restoration of
wounded parts is rest, as it allows that action which is
necessary for repair to go on without interruption," a
struggle wlichl only the military surgeon on active service
can fully appreciate.

SECONDARY HAEMORRHAGE.
In the liglht of modern surgery this accident has been

deplorably common, and though but little new has
emerged from the experience of the war, a few remarks
upon tlle subject seem warranted, the more so in that the
increasing frequency witlh wlliclh transfusion of whole
blood lhas been employed to counteract the effects of the
accident does shiow some advance in treatment.
As a manifestation of septic infection, it is obvious that

improved methods of wound treatmnent offer- the best
chance of reducing the frequency of secondary lhaemor.
rlhage, and it may be confidently stated that witlh the
development of more satisfactory metlhods tlle accident
has become less common. Still it must be recognized that
in dealing with gunshlot wounds we are likely to be of
necessity limuited to the process of secondary sterilization
of an infected wound; further, that we stand in tlle face
of a variety of wound in which incomplete primary lesions
of the blood vessels are more common than in any other.
Thle eventual perforation of the vessel wall, therefore, is up
to a certain date more commonly tlle result of the separa-
tion of a slough of primarily devitalized tissue than due
to the extension of a process of ulceration' from witho'ut.
One or two special features may be emphasized in con-

nexion witlh secondary lhaemorrlhage from gunslhot wounds.
It may, of course, occur from any large vessel, or in old
toxaenlic or septicaemic subjects it may be of the parei.
clhymatous variety. Given this generalization, however,
we find that certain vessels are muchl more commonly the
source of bleeding than otlhers. The localization is deter-
mined by the degree of fixation of tlle vessel and the fii.m-
ness of the bed upon whicll it lies. Tlhus tlle circumflex
branches of tlle axillary artery, the subscapular or posterior
scapular vessels in proximity to the scapula, the gluteal
artery, the articular branclhes of the popliteal artery, tlhe
circumflex branches of the profunda femoris, tlle femoral
artery in tlle lower part of Hunter's canal, and tlle anterior
tibial artery as it lies on the interosseous membrane, are all
common sites, and, it nmay be also reiiarked, troublesome
ones in wlich to deal comfortably witlh tlle injured vessel.
Anotlher peculiarity is tlle comparative frequency witlh
wlich large trunks in mobile positions, such as Scarpa's
triangle, mnay escape damage by displacement and lie
exposed on the surface of a lar,ge open wound. Such
vessels may not infrequently lhave suffered contusion witl
consequ ent tlhrombosis.
As tI tile general treatment of these injured vessels,
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little new has been eyolved; direct local ligature, pro-
longed forcipressure, or at the last extremity local plugging,
are still the means on which the surgeon must depend.
On rare occasions, as an emergency measure, a proximal
ligature may be applied, but this is rarely successful and
often harmful. A single exception to this rule must be
allowed in the case of uncontrollable haemorrhaae from
wounds of the gluteal region; lhere in several instances
ligature of either the internal iliac artery or its posterior
trunk has proved a successful measure.
The proper methiod of treatment of an exposed arterial

trunk, wlhether thrombosed or not, has opened up a ques-
tion upon which the civil surgeon rarely has to form a
decision. It may be broadly stated that the line of treat-
ment d.epends mainly upon the degree of septicity of the
wound of the surrounding soft parts. If the arterial coats
are not seriously damaged and the wound be in a con-
dition likely to respond to antiseptic treatment, an expec-
tant attitude should be assumed if the vessel be pervious.
If, on the other hand, the artery is thrombosed, the right
course is to place ligatures both above and below the
obliterated portion of the vessel, because suclh arterial
thrombi in anv case result in permanent occlusion, while
in many instances the vessel may give way at the limits
of the clot, a solid cylinder, like a pencil, coming away
with great risk of haemorrhage; beyond this the clot
provides a possible source of a peripheral embolus.
As to the general treatment of patients in whom a

secondary haemorrhage has occurred, internal styptics
such as calcium lactate have proved useless. This is
easily intelligible in the case of the larger vessels, for in
such a more or less rounded opening is usually present,
the occlusion of which by a mural clot is of no more than
very temporary use, while a local thrombus obsttructina
the whole lumen is unlikely to form. Even in cases of
the parencllymatous variety internal ramedies lhave proved
useless.
The main advance in treatment lhas conisisted in a return

to the practice of transfusion of " wlhole blood," whichl has
in great measure displaced the unsatisfactory saline infu-
sion. For the popularization of this metlhod we are mainly
indebted to our Canadian colleagues in France. Several
methods have been em-iployed-the Kimpton tube, the
Unger two-way stopcock, direct connexion of the radial
artery of tlle donor with the vein of the recipient by a
paraffin-coated rubber tube provided with silver cannulae
at either end, the employment of a series of Record
syringes, or the citrated method.
Papers have been written on this suibject byE. Archibald,2

L. Bruce Robertson,; A. Fullerton, G. Dreyer, and H. C.
Bazett.4 The number of cases publislhed is not large; the
latter authors include nineteen withl eiglht recoveries. A
large number of patients have, however, been treated over
the whole army area, and a generally favourable opinion
as to tlle results has been establislhed. It must be re-
niembered also tllat a very unpromising type of case lhas
often been selected. Generally speaking, the good results
have been obtained in cases of pure anaemia; when the
anaemia lhas depended in part on haemorrhage, in part on
septic infection, the procedure has not been satisfactory.
Again, -it has beQn more frequently successful as a measure
in primary than in secondary haemorrllages.

Military conditions have allowed small opportunity for
preliminary haemolytic tests applied to either donor or
recipient, but, when practicable, a small preliminary trans-
fusion of 10 c.cm. of the donor's blood has been made the
day previous to the main procedure; accidents due to
haemolytic reaction lhave not, lhowever, been common. In
one case, under the observation of the writer, the patient
passed hlighly blood-stained urine for the succeeding thirty-
six hours, but lhe recovered with no furtlher bad symptom.
In a few others alarming symptoms have passed off with
no further result when the transfusion was discontinued, and
two patients have probably died as a direct result of the
treatment. Ill effects have not beeni sufficiently numerous,
however, to raise the question of justifiability in the
desperate cases for which the procedure is undertaken.

GAS GANGRENE.
This complication has been already dealt with, as it is

imet with in the field ambulances and casualty clearing
stations. Naturally the most acute cases do not reach the
hospitals on the lines of communication, and of late,

coincidently-with the development of the clearing station
accommodation and the general acceleration of the trans-
port of patients consequent on a shorter and quicker
journey, fewer cases of the most serious nature arrive.
None the less, the insidious manner in which the
process starts, the rapidity with which it spreads, and
the tendency which exists for delay in its development, all
tend to maintain a constant supply of cases to the general
hospitals.
Some early conceptions of the disease have under-

gone considerable. modification; thus it was assumed, in
consequence of the frequency with which the limbs are
attacked and the fact that extension from the limbs to the
trunk is commonly confined to the subcutaneous tissues,
that the trunk itself was seldom primarily affected. More
extensive observation has shown the fallacy of thaat
assumption, and it is now well known that the contents Qf
tlle cranial cavity, the pleurae, the pericardium, the peri-
toneum, the retroperitoneal tissue, and the muscular
planes of the trunk are all attacked with varying degrees
of frequency. The implication of the great body cavities,
however, offers some special features; thus the infection is
usually primarily of effused blood or blood clot, and in
consequence of the resistance of freshly effused blood to
the growth of the organisms, the exacerbation of symptoms
is, as a rule, retarded for several days, or even a longer
period. The symptoms in such cases offer a remarkable
resemblance to those of a sudden internal secondary
haemorrhage, a fact that in early days sometimes led to
bonfusion.
Another question which is at present undetermined is

the relative frequency with which patients die from a pure
toxaemia, or of an actual septicaemia. The number of
instances in which organisms have been observed in or
cultured from the blood is relatively few, a remarkable fact
considering the rapidity with which the entire vascular
system is invaded after deatlh. Certain observations, how-
ever, beyond those made upon the blood afford definite
evidence that at an early stage a general infection is not
uncommon. It was remarked at Boulogne in an early
stage of the campaign that certain patients arriving with
gaseous cellulitis of the limbs had at the same time local
patches upon the trunk or arms at the sites of previous
punctures for the injection of tetanus antitoxin, or even
morphine injections; further, that siailar phenomena
miglht follow the introduction of a saline infusion. Again,
cases were observed in which gas was voided with the
urine, and in one of these a culture of B. perfringens was
made from the urine. Further, a less striking occurrence,
as the tendency of these infections to cause local throm-
bosis is well known, a certain proportion of the patients
developed metastatic deposits in other parts of the body.
It may be observed that one of the most common seats of
these latter, the opposite buttock, is not always free from
the suspicion of being a direct extension.

In other cases the rapidity of the process suggested .a
pure toxaemia, and sonme support to this view is found in
,the rapidity with which the limbs in some cases enlarge
from a toxic oedema independently of the presence of gas.
Major Rowland found that the filtered fluid from such
cases caused general oedema and deatlh in a few hours
wlhen injected into rabbits or guinea-pigs independentlv of
the presence of any organisms, and was working on this
subject at the time of his death.

Thle factors determining the mode and rapidity of
extension of the process have also given rise to
much interest. Certain facts appear to definitely favour
the view that tlle process is a true cellulitis, altlhougl
tlle frequency and extent to which tlle miiuscles suffer
lhas led some observers to speak of tlle ana6robes
giving rise to the condition as muscle feeders. It may
le premised that the organisms concerned can establish
no footing in the body in the absence of eitlher dead
tissue or some foreign body, and, this fact granted, it is
obvious that the localization of the dead matter will corre-
spond with the commencement of the process. Since the
establishmelnt of the fact by Major Curtis Webb,5 thlat
x-ray examination allows the determinalion of the presence
of gas in the tissues, this method of exalmlination has been
widely employed as a means of diagnosis, and the examina-
tion of an entire limb by this method (Major Littler Jones)
affords some striking information. If, for instance, the
quadriceps muscle of the thiglh has been wounded, the gas
may invade the entire muscle, but the extension will be
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seen to followtlhe course of the great vascular cleft to thle
leg and even tlle foot, being localized, in the early stage at
least, to the cellular tissue. Again, c.linically, the extension
of gas from the upper to the lower part of thle thigh may
sometimles be evidenced by a chiaracteristic elongated
swelling following the course of tlle vessels. Then, witl
regard to the intimate structure of the muscle itself, the
separation of the individual fibres appears to indicate a
similar process.
The 'rapidity witlh which tlle cellulitis spreads and

destruction is caused appears to depelnd on tlle one hiand
on the tension in the special area affected, and possibly on
tlle virulence of the organism or group of organisms con-
cerned; on the other, on the degree of interference with
the vascular supply either by the original damage or by
subsequentthrombosis of the vessels concerned. Captain
Bashford6has dealt with botlh these questions. The
clinical observation of the rapid development of massive
gangrene in a lirmb subsequently to the ligature of the
main artery, or again the rapid death of that part of a
longmuuscle cut off from its arterial supply, is common
enougll.
As to the actual organisms or combination of. organisms

responsible for the gangrene in its special forms, which
may determine either the soft oedematous limb or the
tight drum-like, or the emphysematous varieties, no definite
knowledge exists. Captain Henry hias furnished a short
summary (printed at page 806) of the important series of
observations carried out by himself7 on the organisms
concerned.
Another point of interest in this relation not cleared up

is the absence of knowledge as to what determines the
rapid haemolysis in one case accompanied by the develop.
ment of more or less intense jaundice, while other patients
presentmerely the appearance of extreme anaemia before
death. Generally speaking, the anaemic patients are those
that die most rapidly, and the difference may depend
simply on time, since the characteristic brilliant orange-
coloured discharge from the wound met with in mixed
infections is rarely observed before the third or fourth
day. The actual deficiency in the volume of blood in
the cases of rapidly fatal issue is indicated by the low
tension of thle pulse as determined by palpation, and a loud
knocking sound in the great arterial trunks, which gains
the same intensity as it does in many patients dying from
pure haemorrllage, and consequent fall in the diastolic
pressure.
Such advance in methods of treatment as has been made

rests entirely on the knowledge of the danger of leaving
dead infected tissue or foreign bodies in the wound, and
the necessity of relieving all tension in the structures
affected; thus the knife is still our only aid. In making
incisions for the relief of this form of cellulitis it may be
remembered, that size is of minor subsequent importance,
provided the incisions are so planned as to avoid important
structures and to allow of subsequent secondary closure.
The latter is of special importance since the wounds
infected by anaerobes often rapidly clean, and form some
of the best for secondary closure at a comparatively early
date.
Where amputation is indicated, the one principle to be

adhered to consists in the maintenance of an open stump.
It has been found that under these conditions, even
where the amputation has been made thirough oedematous
tissue, the latter drains freely and no further extension
takes place. Beyond this, oedematous connective tissue,
especially that of the green variety, is often found to be
sterile, hence the inadvisability of interfering with it,
particularly around the vessels and nerves, and thus
opening up the planes of the limb to furtlher infection.

Sir Almroth Wright,8 in a paper on the conditions whicl
govern the growth of the bacillus of gas gangrene in
artificial culture media, in the blood fluids in vitro, and in
the dead and living organism, has made the suggestion
that intravenous injections of sodium bicarbonate may
prove a means of combating the toxaemia, and gives short
details of six patients treated by this metlhod, of wlhom
two survived. He assumes that in the treatment of tlle
so-called " gas gangrene infections of man " he was
dealing essentially with the same plhenomena as those
observed in certain laboratory experiments which showed
that the bacillus of Welel, when grown in vitro in serum,
diminishes the antitryptic power of the medium and

renders it acid, tllus converting the serum into a pre-
emiinently favourablemediumii for the growtll of tlle
bacillus. Experimuents on the blood in tlle dead body
showed that it is these clihIemical clhanges wllicll furnish
tlhe conditionis xequired for the avalanclhe-like progress of
the bacterial infection. Finally, experiments on living
animals showed a reduction in the alkalinity of the fluids
taken from the focus of infection, and a reduction in that
of the circulating blood-also an increase in tlle anti-
tryptic power of tlle blood, combined with a diminished
or abolished antitryptic power in the infected tissues.

In his investigations of the disease inlhtuman subjects
lhe found the same lialg antitryptic response in the ircu-
lating blood and the reduced or abolished antitryptic power
in tlle infected tissues or infected effusions, combined with
diminislhed alkalinity of botlh tissues and effusions-thus,
a local acidosis but also an acidaemia, tlle latter being
found wlhen an infectionlhas culminated in "gas gangrene
toxaemia."

TETANUS.
Tetanus, the terrible scourge whiclh gave rise to so great

anxiety in the autumn and early winter of 1914, has become
a comparatively infrequent wound complication since the
adoption of proplhylactic injections of antitoxin in all cases
of woutnds and in eases of " trenclh foot" accompanied by
vesication. Nevertheless cases still occur, in some instances
because the primary injection has been given late as a
result of the patient not being able to be "collected" from
the zone of fire, a few maen escape treatment as a conse-
quence of the number of wounded needing to be dealt with
after a serious engagement, and special idiosyncrasy may
account for otlhers. At an early date it was also recognized
that tlle protective influence of tlle antitoxin is often
exliausted at the end of eight or ten days; hence a general
order was given to the effect that the injections should
be repeated at intervals of seven days in all cases of serious
wound and to patients whose wounds were not progressing
well.
The cases met with include every degree and variety of

the disease. Thus very acute cases witlh general spasms,
slight cases in wlhich trismus is the main feature, cases of
"hlead tetanus," either of the paralytic class or with clonic
spasms of the muscles of mastication, splanchnic tetanus,
local tetanus of the limbs, sometimes remainina confined to
the wounded member, in others becoming general, and
cases of the so-called delayed class. In one remarkable
instance of the last variety the patient, who had been sent
to England in August with a small wound of the buttock,
at the bottom of which was a small retained foreign body,
returned to duty two months later. When on duty in the
trenches stiffness of thie corresponding limb, at first
ascribed to sciatica, developed, and later general tetanic
symptoms. Active treatment with antitoxin was followed
by an uninterrupted recovery.
Accumulated experience lhas negatived the utility of

treatment with carbolic acid or magnesium sulphate, both
of which remedies were vaunted in the early stages of the
campaign. Curative treatment by antitoxin is still upon
its trial, and considerable differences of opinion exist both
as to its utility and as to which route sbould be chosen for
its exhibition. The subcutaneous route is generally con-
sidered unsatisfactory on account of the delay in con-
veyance of the antitoxin to the required area; hence,altlhouglh generallv chosen for prophylactic purposes, its
use as a metlhod of curative treatment is restricted to an
auxiliary role. Tlle intermuscular route has found more
favour, although its efficacy is doubted by many. The
intravenous route has not been sliown to be specially
efficacious, and as accidents of an anaphylactic clharacter
lhave followed its use it has been practically abandoned.
The general applicability of the intrathecal route is still
under discussion; the chief objection to its use lies in the
large quantity of serum whlich requires to be introduced
and the comparatively serious nature of the procedure
itself if repeated injections are made. In some cases a
definite disturbance of the intracranial pressure appears to
result, and in some local inflammatory changes in the
spinal theca have occurred. In spite of these objections
the intrathecal method has been very largely employed,
and a trial is now being made of a highly concentrated
antitoxin.
The prognosis has depended in individtual cases on tllo

length of the incubation period, and, in spite of treatmiient,
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the mortality lhas renmained above 70 per cent. of all cases
treated. Symptomatic treatment by chloral and morphine,
particularly the former, lhas retained its character both in
the relief of suffering and as curative, in so far as it tends
to delay exhaustion dependent on the spasms.

OTHER WOUND INFECTIONS.
Little new can be said regarding the remaining forms of

wound infection,- but it may be generally stated that the
antiseptic solutions depending upon chllorine for their
-abtive element have proved the most successful applica-
tion. One form of streptococcus infection deserves special
mention as possibly corresponding to the variety of
"classical lhospital gangrene " described as the mem-
branous. Cases of this nature have not been common,
altheuglh sufficiently so to lhave become familiar. A-wound
wlliclh has previously been apparently progressina favour-
ably becomes covered witlh a dense grey touglh membrane,
firmly adlherent to the subjacent granulations. In the
earliest stage tllis membrane does not matlerially differ
from tlle thin layer of coagulated fibrin and included
leucocytes which not uncommonly forms in cases of
streptococcic infectioni wlhiclh after a time fail to respond
to treatment. Thle same cessation of free discllarge frotm
the wound surface is observed, a conditioni well described
by Colonel Sir Almroth Wright as "'lymnplh bound." Tlle
membrane then tlhickens so as to resemble one of the
diphtlheritic class; in fact strong suspicion was aroused in
the earlier stages of the war that theAchange was due to a
diphtlieritic infection. Bacteriological examination has,
however, in all cases resulted in the discovery of strepto-
cocci alone. Witlh the development of the memyibrane a
continuously increasing lhard wllite oeden-la spreads up'tlhe
limb or on to tlle trunk, the patient meanwlhile suffering
witlh pronounced signs of toxaemia. Iincisionis inito the
oedermiatous ar-ea give rise only to the escape of a simall
anmount of serous dischlarge, and the tension wounds tend
to dry up witlh little change. AmpuLtation is usually fol-
lowed by a recurrence of the same type of wound surface,
and the patient dies in from four days to a week's titne
after the commencement of tlle process. No successful
metlhod of dealing witlh this special form of wvound
infection has been devised.

SEPTICAEMIA.
Tlle most common form has been iIn connexion with1

streptococcal infections. It cannot be said that any
advance has been made in the treatment of this condition.
Encouraged by the results published by Messrs. Fraser and
Bates9 in dealing witlh some acute general infectious, and4
tlle work of Lorrain Smith and hiis colleagues, a more or
less extended trial lhas been made of intravenous injections
of hypochlorous acid in the form of eusol, but no satis-
factory results have been obtained. Tlhe samne remiiaik
obtains to a more limited trial witlh colloid clhloride of
gold. The work of Dakin lhas slhown tllat the antiseptic
power of injections of eusol must be small in consequence
of the minute amcxunt of thle antiseptic in proportion to
the volume of the patient's blood. If eitlher this solution
or that of chloride of gold can effect any useful purpose, it
is probably only by exciting as irritants a certain degree of
activity in the endothelial lining of the blood vessels, and
in neither case has this proved sufficient to serve the
purpose aimed at of sterilizing tle blood.

INJURIES TO THE GREAT VESSELS.
The dlangeroustnature of injuries to tlle great vascular

trunks has been amply demonstrated by tlle fact tllat,
except one or two injuries to tlle innominate vessels, the
subelavian artery in the tlhoracic part of its course. and
possibly a few iliac (altlhouglh the writer has seen none of
the latter amongst over 300 carefully examined cases of
injuries to the larger arteries), injuries to the vessels of
the trunk lhave beeii conspicuous by thleir absence on the
lines of communication.
A considerable experience lhas been gained regarding

the effects of contusion of tlle vessels, whllich lhas in tlle
main substantiated the French pre-war experimental
observations. At the same time, tlle occurrence of silngle
simple linear fissures of tlle intima has been a more
common form of lesion than one would have been led to

expect. The chief importance of these lesions has been'
in connexion with secondary haemorrhage, to whichl
allusion lias atready been made, and in the frequency,
witlh which the injury is followed by tlhrombosis. Several!
instances of subsequent, embolism have been observed, this
particularly in the case of the cervical vessels, whera'
cerebral embolisms are readily detected as a consequence,
of the obvious signs with which blockage of the cerebral'
vessels is attended.10 11 This experience, combined with
tllat of similar accidents occurring in connexion with'
actual wounds of tlle vessels, raises the question of how
great a proportion of the instances of gangrene of the
extremities following injuries to the vessels of the limbs,'
either spontaneous or following ligature, is due solely to
the local occlusion of the main ve,sel. It seems likely, if
all these cases could be thoroughly investigated, that
enmbolism in the distal circulation plays a more important
part tlhan lhas hitherto been accorded to it, since several
observations have been made of its occurrence.

Tlle frequency witlh wlhiclh various forms of missile have
been employed lhas been followed by considerable change
in the nature of the lesions, the hiighly contused lateral'
wound of the artery, and the cleah perforation made by
the modern bullet, have of late been less in evidence than
extensive lateral lacerations and m-ore or less limited
lateral perforations caused by fragments of sh1ells or minute
fragmients derived froimi bolimbs. Occlusion of wounds of
tlle vessels by retained shell fragments, tlle removal of
wlhichl lhas been followed by free lhaenlorrhage, has not
been rare. On the otlher hiand, instances of missiles enter-
ing aind travelling along the blood vessels has rarely been
observed. Tlle most strilking instances have been those
in wlichl shrapnel balls have obtained entrance to the
lheart or large veins of the trunk and travelled downwards
by gravitation. The most interesting feature of these
cases, observed also in some wounds of the inferior vena.
cava, is the moderate degree of primary haemorrhage
wlhiclh lhad taken place.
Wounds of tlle great vessels arrive in the hiospitals on

the lines of cominmunicatioil usually some days after their
iniflictioni, but a considerable proportion may arrive at
an earlier date in consequence of the absence of primary
haelmorrlhage, or tlle coexistence of somne more serious
or more easily recognized injury having allowed tllem to
be overlooked. This is especially the case in multiple
bomb or slhell injuries, where one out of twenty small
wounds produced by as many fragments widely distributed
over the wliole body may lhave implicated an artery; or in
tlle case of severe fractures of the long bones, accot4panied
by great swelling of the soft parts.

Tlle resuilt of this experience h1as been greatly to widen
the scope of the stethoscope iit the diagnosis of arterial
injuries, since auscultatiou will often reveal the presence
of tlle patlhogniomonic systolic bruit, wlhen thQabsence of
local pulsationi in tlle swollen area and tlle presence of
pulsation in the distal arterial circulation may, if depended
upon alone, lead to a serious error in diagnosis. Further,
it lhas been observed tllat the local vascular bruits may, in
some thiird of the wlhole numlber of injuries to arteries of
tlle lower extreinity, and less frequently in other vessels, be
conveyed to tlle cardiac area, and distant vascular lesions
lhave in some cases been detected by the presence of the
apparently cardiac murmur.'2 Tllis plhenomenon is ob-
served botlh in pure arterial and arterio-venous injuries.
It has also been observed tlhat the distal blood pressure of
the limb is milaterially lowered in the presence of a lateral
arte-iallesion-in fact, practically to the same degree as if
+-he mnain vessel lhas been occluded.
As a consequence of the period at wlhich arterial injuries

reaclh the hospitals on tlle lines of communication the
treatmiienit lhas been for the most part expectant, the large
majority of tlle patients being evacuated to the base in
England. The iimjportance of rest in allowing subsidence
of the general circulatory excitement, and the consolidation
of tlle aneui-ysm-al tumour, has been obvious. It is also
held tllat du-ing tllis period the enlargement of tlle
collateral circulation makes some progress. Some evidence
in favour of tllis view is offered by the fact tlhat the
nutrition of the limb is not observed to suffer during this
period, while wasting, solmetimes of a rapid clharacter,
often follows tlle performance of necessary ligation.
Accidents during this probationary period lhave not been

common: gangrene has been rare; secondary haemorrhage
uncommon, unless the wounds were large and badly

Tum BRinsu7(A MtDICAL JOURNAL I BRITISH SURGERY ON THE LINES OF COMMUXSCA6.TION. |JUNB x6, I9I7



JUNJEI6, i 9r71 BRITISH SURGERY ON THE

infected; and suppuration of the aneurysm lhas been an
accident of extreme infrequency.

Active treatment llas consisted in the main of ligature
of the vessels. This lhas been indicated for extension of
the blood effusion within the limb, secondary haemor-
rhage, signs of pressure on the trunk by increasing size
itnd firmness of tlie false aneurysmal sac, or signs of
inflammation. Whien the lhospital accommodation has
allowed a sufflciently long stay a certain number of cases
lhave been operated upon in tlle absence of any untoward
symptoms.
For purely arterial injuries, ligature of the vessel above

ind below the wounded spot lhas been the most common
'operation. In a number of these cases tlhe main vein lhas
been found to be tllrombosed, but this accident lhas not
hiadAhny adverse influenice on tlle result. Thle same state.
mlent nlay be muade as to tlle results observed wlhen co-
existing wound of the vein lhas made it obligatory to tie
botlh vein and artery, or in the cases wlere the main vein
lhad alread-y suffered conmplete division and occlusion. The
same-experienoe lhas followed ligature of both artery and
vein 'above and below tlle comimunicating clhannel in
arterio-venous aneurysmis or aneuryslmial varices. Hence
itlas beei clainmed'3 tllat simultaneous occlusion of botlh
A.rtery auid vein is a negligible occurrence wvithi regard to
any inlerease of risk to tlhe vitality of the limb. Fiurtlher,
tllat insomnuclh ag a better balance is maintained between
the arteri&l and venous elemen'ts of tlle collateral circula-
tibn,, and tthe blkod pressure witllin the limib increased, the
bperation is preferable to tllat confined to tlle wvounded
artery alone.

In certain ves3els-for example, colmlmoni carotid,
common femoral, popliteal-after ligature of wlhiclh acute
local aniaemiiia and gangreiie is specially liable to follow,
a limilited trial lhas beell miiade of Tuffier's tubes to m-ain-
tain temporarily the milain cutrrent pending tlle illerease
of tlle collateral circtulation. In a slmiall series of eiglht
cases (comnmoni carotid 1, axillary 1, femiloral 2, popliteal 4)
in which tllis mnetlhod was used, inlno instance dlid gancgrene
take place. In one fenioral case, in wlichl tlle tibial pulses
were absent at the time of operation, feeble pulsation
returned and persisted for a few lhours, anid in the second
thle foot, whichlhad bee'n cold, at once becamiie warmier anld
remliained so. Suclh evidence aslhas been obtained,lhowever,
does not suggest tllat the mnainitenance of the main current
persisted mior'e tlan a fewlhours, and the clots expressed
fromu the tubes wlhen remiloved oni tlhe fourtlh day, altlhouglh
firm in comparison witlh thle term-iinal projecting ilnto tlle
proximial enid of the vessel, dlid not suggest -a very gradual
formation. Aloreover, in olle of the popliteal cases, in
:which itlwould have been difficult to place a ligature Oen
,the lowereud of tlhe, artery, it wasnot founiid necessary to
do so, as thle vess'el was closed by a fiim tllrolmibus. Sucl
experience as lhas been gained is, hlowever, definitely in
favour of a mtiore extended trial of thismethiod.

Suture of the vessels, eithler end-to-end or lateral,lhas
been emuployed only in few cases. At tlle period duLrin
which the patients are still in tlho lhospitals on the lines of
Pommunication tlhe vessels are still comparatively fixe(d
anddifficult to free witlhout dlamage to tlhe coats, as well
a.s rigid in tlhemselves;lhence, if sutures are introduced,
tlle tension upon tlhem is far greater than is the case witl
normiial arteries. Again, a large proportion of tlle wounds
are too extenisive for anytlling but an end-to-end uinion
after removal of tle damaged extremiiities of tlle vessel,
and lhere again botlh local tensionl and antundesirable
temporary flexion of thle limb to reluce it are opposed to
successful suture. Cases, lhowever, do occur in which
eitber formi of operation can be carried out. In a small
series of sixoperationis the followinig immediate results
:were obtained :-Braclhial 3: (a) Lateral suture, lumien
of vessel redulceed miore tllani one-tlhird; no radial pulse
before operationi,but it returned four dtays after. (b) Rle-
Ireslhnlentof ends alnd enid-to-enid suture. Radial pulse
palpable after operatioll anid persisted. Attlle end of the
tlhird weektlhe distal blood pressiure in the lilubhad risen
by 22 mim. of miercury. (c) Excision anid end-to-end suture.
R-adial pulse absent duringt, first tvo days after operation,
tthen returned. Five days after the operationl tlhe distal
blood pr-essure was 30 mmii. ofimerc'ury greatertlalnI befo-e.
IPopliteal 1: Lateral suture. A good anterior tibial pulse
was prescent the day after operation, but the posterior
tib.al was absenlt. Femoral 2:(a) Lateral suture of an
arterio-venouLs communIication of six months' standing.
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Distal tibial pulses present at the end of the operation and
persisted. (b) Lateral suture in Hunter's canal. Tibial
pulses absent before7operation, but were just palpable four
days later. Distal blood pressure still 50 mm. of mercury
lower than in otlher limb.
Time and a considerably more extended observation is

needed to determine whetlher the operation of suture does
attain very much better results than simple ligature. The
above results, including no sort of accident, seem to do
little more than prove that tlle operation is practicable and
not dangerous in selected cases. Tlhat a patent luImen is
preserved in tlle vessels in the majority of cases is, how-
ever, not yet proved.

Th a case of large wound of tlle tlhigl in whiclI the foot
vas cold and no tibial pulses were palpable, the femoral
artery was discovered to be thlrombosed 2 in. above tll
apex of Scarpa's triangle and no pulse could be felt in
Hunter's canal. Captain Cowell miade an incision one-
tlhird of an' incll long iuto thie vessel anc squeezed out a
smnall decolorized tlhrombus and a red' clob 3 in. in length
from the vessel distal to the incision. The vessel was then
sutured, and pulsation returned in Hunter's canal but was
not palpable at the ankle. A secondary tlhrombus again
formed and obstructed tlle vessel. It appears probable
tllat if the intima hias been sufficiently injured to cavuse a
primary tlhrombus to develop, operations of thlis class are
not very likely to succeed; still a repetition is probably
wortly of trial.

FRACTURES.
At an early stage in the carmpaign, wlhen wounded men

were streamriing in large inumbers itnto tlle illlprovised
hospitals in Boulogne, it became evident tllat neitlher tlle
regulation outfit of splints nor the supply of eniergency
splints manufactured by tlle mnechlanics attached to eachl
h1ospital unit sufficed to cope witlh tlhe large number of
fractures admitted. An opportune paper by Lieutenant-
Colonel Robert Jones whliclh appeared about this moment"
moreover imiipressed all those conlcerlned in tlle treatment
of these inijuries with the einormous advantages offered by
splints of the H. 0. Tlhomlias class for m-ilitary use, botlh in
facilitating the early anid safe transport of patients, and in
allowinig efficient extenisioni of the limlbs to be coutintuouslv
imainitainiedl. Furtler, a nui:mber of mijodificationls of thle
type of splints wvhiichl lhave subsequenitly proved of muchl
value wrel. qUickly ill demand. In order to meet tle
r-equiierlemets thus suddenly arisinia, application was made
to the MJedlical Director-General at the War Office for tlhe
supply of a skilled surgical mechlaniician to undertale the
contlol of a central splint inanufactoty at Boulogne. Mr.
Salmiioni was sent out, and since that timiie ani eurmorius
number of splints lhave been imaniufactur-ed locally, and-
supplied niot only to tlhe general hospitals on tlle lines of
coiuimunulicatiOn, but also to advanced units tlhroualgout thle
army. It would be difficult to overestimiiate thle practical
value of tllis establishnment.

Tlhe first question wlhiclh lhas ariseu in coinnexion witlh
these iinjuries is tlle relative imiportanice of the p-imary
treatlimeint of tlhe wound of the softl)arts, or tlle adjust-milent of the bony fragments tlhemselves. C'asesmay occur
i whljichlcither asstumnes the first place-tlhus tlie limb may
be tlhreatened by annarobic infection; reduction of the
displacemiient and miainteanco of tlhe bone in position mav
prove a matter of extreiec difficulty as a result of tlhe
position anid direction of thie fracture; or tlle presence
of mlultiple wounds in inconlvenient positions imay render
it impossible to apply suclh apparatus as will maintaini
sufficienit extensioni. Under any of these circQmstances
treatmi mlt of tlle wounded soft parts miiay claim priority,
but as a genieral rLuile time principle of pronmpt reduction of
tlle displacemient and miiaintenance of extension hias been
adhlered to. Itlhas been recognized that secondary efforts
at reductioln wlleni a septic wound hias cleaned and settled
down is a serious operation involving risks of liglmtiag up
again a condition wlliclhlias been withidifficulty overcone.
The next question wlhiclh arises is wlhetlher rigid ex-

tension in thle direct long axis ofthl limb is to be mnain-
tained or the joints placed in the flexed position. For
patients treate(d in F'rance the forlrer ninetlhod lhas been
the m-nore widely adopted, in orlder to utilize thle facilities
in transport whlichl the Thomnas's splintsundoubtedly offer.
As an invariable custom, however, tllhs practice lhas iiot
been able to be followed, as many s-urgeonis havelnot been
able to obtain good position of tle fragments in such
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jositions as the upper and lower thirds of the femur. To One great feature in the wards, and an incalculable
m-eet this difficulty the Thomas's splints have been bent or blessing to the patients and attendiants, hias been thle wide
othier methiods employed. For instance, Hodgen's. splint adoption of the ov'erhead rail for the suspension of limbs,
for the upper thlird and to take thle
of the thigh bone, place also of the
or a swinging frame pulley arrangedl
of the same dimen- over the head of theo
isious, of the bed, patient's bed in most~
thle feet being, fixed hiospitals to allow
by plaster extension hlim to lift himself
strips to thei angles, by his arms. Thjis.
of the lower end, was devised at an
and* the hiead andeal dte i
body lowered (IMajor Boulogne as a result
Sinclair).. For the of seeing patients
lower thlird thle wire ~' jwithi fractured thigah
dlouble-inclined put up by theo so-
plane of Hey Grovescald B kn
has occasionally method by Lieut..
been emplloyed. All Colonel Miles. It
these methiods, hiow- has consequently
ever, require addi- acouired thle name
tional attention And l~of the Balkan sup.
longer stay in port. Two of thlem,
France, hlenice thley one placed on eithier
hiave not been sie of the bed, miay
widely resorted to. also be employed for
T he methiod of the support of an en-

maintaining exten- tire hammock bed.
sion hias also been ......For fixation of thle
a question muchli thiighi in the ab-
discussed,nd fixed FiG. 2.-The Thomas Splint with Foot Extension, Suspended (Miajor Sinclair). The aductdopofralnethexten i onby a foot extension is applied by means of -13in. strips of flannei bandage, each strip being aobductiJonfaes ofgs,tirrup attaclied to threaded through two metal triangles. One set of six triangles is aligned along the innier Rbr oe a

tlie end of t lle msirgin, another set of six along the outer margin of the sole. The flannel striPis ar ready to hiandc, butglued to the sole, sides and dorsumi of the foot, care being taken that the ends dono
Thlomias's s p) 1 i n, t s iieet over the dorsum-. cotton-wool is dabbed over the glued area to hasten and in the ease of tlle
hias been com-lmonly strengthen the setting. Whilst the glue is dryinig the Thomnas splint is applied. in the upper ex t re mit y

adopte.Yetin a
stialway anid fitted with a support to keep heel clear of the bed. The triangles are now

uhdfi ltwaadopted. Yet in a thireaded with tapes, which are passed over the serrated edges of the special wooden foot- muhdfiutwa
l a rge niuim ber of piece and tied. This foot-piece rides on the side bars of the Thom'as splint. The foot, eprecdi h
6 ~~~~now being secured to the foot-piece, is commanded absolutely. It can be flexed, ex- exeinedi.h

cases weighit anid tended, iniverted or everted, rotated in or ouit, lowered or raised. At the samue timie earlier part of the
pulley extension hias extension can be applied to the whole limb by ta-pes attached to the cross-bar of the camipaign until theo
been preferred and foot-l)iece and fixed in the V of the Thomas. Havinfg got length and alignmlent in the capability of a shiortfractured limnb, the cross-bar is fixed by tying to the side bars withi tape. This is often
is sometimies neceS- the only formn of extension which can be applied in fractures of both bones of the T hO Dimas' s knee
s a ry. Thle ques- leg near the ankle. Care should be taken to thoroughly fix the knee in the splint by spitfr hsprmneans of large eotton-wool pads and a bandage. The wholo splint is suspended in a 3ltfo ls'pr
tion, in fact, hias C-model suspension, pose was fully appre-
not been settled ciated.
in fa,voui. of eithier of thle opposing parties. I Captain Page has adopted thle amubulatory method ~of'
A thlird miethiod, thlat of a continuous screw, has also Itreatment in solme cases of fracture of thle thiighi and the

been conisiderably employed, both in conjunction with the legr, the former with the aid of lateral extending screws
type of Thlomas's fixecd above an'd
s3plint with a spat-b-ebelo w to plaster
attaclhmient, in the -collars surrounding,
Wallace-Maybury -thle thigh, the latter
m-odification of the by muslin strips
Thiomas, and also impregnated wi thl
intlle benit Thiomas's plaster-of-Paris,
spIints and their after Delbet's
modificatioins for method.'5
treating fractures of A great amiount
the lhumerus with of ingenuity has.
the elbow flexed. been exp'ended on
The use of the gplints devised to

pin tralisfixing facilitatetrnpt
either the lower end or to meet' special
of tlle femur, or the emergencies, aliso on
upper extremity of .....various adjuncts.: to
the tibia, for the thle splints themn-
attachmient of ex-- selves. Thus many
tension app'ratus in vreties of rubber,
cases of fracture of ~metal, or flannel
thae femur, has found sliings to support
little favour in - thle limbs in wire,
France. Thlis has ~ -Sp i n ts, extenision
perhaps m-ainly de- attachiments, formis
pendedon unwilling- of glue for fixing,
ness to make a freshi extension strips to
wound in a limb FiGc. 3.-Thomas Knee Splint with Plantar Extension (Major Sinclair). A plaster cast is the limbs andl-astly,
already the seat of iade of the sole of the foot by means of flannel imipregnated with plaster-of-Paris. In- the highl, aeffietl

corporated in this cast are tapes. Wheni the cast is dry it is glued to the sole of the foot
a septic wound; but and extension is got by attaching it with the tapes over the serrated border of a special counterpoise suspen-
beyond this, the fact wooden foot-piece, sion apparatuses of
that practically all Major Sinielair
patients need to be transported at an earlier date than (Figs. 2, 3, 4, 5). Space does not allow of more than
would be convenient for removal of tlle pin renders the mnention of these mlany adjuncts to convenience, cleanli-
method undesirable. ness, and the comfort of the patients.

- - I
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Plaster -of- Paris hias on the whiole been but little 'Morison's method of secondary closure after introduction
used, anid imostly for puirposes of transport.. Theo diffi- of the iodoform, bismnuthi, and paraffin compound hias been
cuilty of keeping pl'aster splints clean lias mainly mili- irnp-ortbd from England, and is giving good results.
tated against them. Radical treatmient

Lastly, as to the for the condition
treatment o-f thh .,' .4 of chironic. osto
wounds. In tlimyelitis hias not
place it is assumed often been under-
that proper cleans- taken, unless t-h e
ing, drainage, and cases are of such
removal of loose a character as to
fragments and .7be subjected- to am-
foreign bodies hasutati n;he
been carried onLt ait majority are trans.
the casualty clear.- ferred to England,
ing stations. UJnder where prolonged
these circumstances stay in hiospital is

nio furthier imme- more readily
diate procedures are assured.
needed on the lines -Lastly, -methiodq
o f comimunication. of m-echanical fixa-
Even in thle case tion by plates and
of inefficient drain.~ screws or by wiring
age or. extending have been very
infe~ctio'n great s little resorted to as.z
jud'gement re.- primary measures.
quires to be exer-, A very large pro.
cised in interference portion of the cases
on the firs arial so treated faiIed
of the patient. from the septic
The object to be Fie.. 4.-The Net Framie used in the Tieatmient of Fiactures of Upper Third of chia raect er of thle

aimaed a-t is the Femur with or withiout Large WVounds (Major Sinclauir). An ingenious combination of wound, but in the
.secodaryclosue of the hammiiock with abduction of the thigh, emibodying the principle of Hodgen's thigh fc fterslssecondry cloure of splint. A wooden framie 7 ft. by 5 ft. is constructed with a transverse bar, which is at faeothrsus

thie wound at the the level of the patient's uml-bilicus; two leg bars run from the um-bilical har to the foot more recently ob.
earliest date prac- of the frame. Extensions are applied to both legs by means of gauze and gluie. These tamned by secondaryare passed through holes at the end of the fiame and tied. The patient's back and legs
ticable, and with are well padded, anid the body and legs are supported in the frame by strong one-inch ste r ili zation and
this object a con_ netting. This netting is in three pieces-one for the body, fixed to the sides and head of the closure of the wound
tinuou antisptic, frame, and two leg pieces fixed to the leg bars, which are abducted to the necessary angle. ti rbbetatinnonsantisptic Either can be freed independently. The framie is slung by the corneirs to fouir upirights itsprbleha

m-ethod should be (the universal leg suspension frame), Extension is obtained by lowering the head of thlese methods m-ay
crre on Upt the fram-e, usually about 15 inches. This mnethiod of tieatment is efficient, and the ecariedn. Up t results very satisfactory, both dressing of wounds and nursing of patient being be revived in cases

the present time the extremely5 siinple. of difficulty of main-
im os t conspicuouis taining tile f rag
success in this direction has been attained withi the Carrel- ments in positoion,,or at any rate resorted to at a muchl
DLakin mnethiod, and if treatment has been commenced earlier date nnder more favourable conditions.
at the casualty clearinag station, the wound may in a con- Both in Boulogne and elsewhere special departments
siderable proportion of all cases be closed within a have been established for the treatment of fractures alone,
period of three weeks. It may be fairly hoped, in tile and in thle hospitals generally an attempt has been made
lighit of present experience, that the number of chronic to collect thie-patients with fractures under tile chiarge of
suppurating compound fractures will be in the near one. medical officer. This plan has obvious 'advantages
future largely re- in ensuring special
duced. aptitnde on thle part

Thle date at whichll of thle surgeon-s con-
sequestra shiould be cerned and the pos-
removed to allow sibility of attainiing
a complete suirgical .general results
sterilization of the . . ... .approaching tille
wound hias raised ' <". - . ideal. At the same
soiime discussion. tie, its genea
When thle fracture adoption is imprac-'
has not been accom- -.*ticable ; the cases
panied by suifficient . are of a nature to
loss of bone for risk necessitate a long,
of non-union to f stayin hiospital,
occur, there can be their collection in
no donbt that the one ward imposes a
earliest possible very heavy task on
date is desirable. the nursing. staff,
If, on the other whichi needs to ho
liand, little but the largel1y increased,
periosteum and ai and, finally, it not
few fragm-ents re- only removes a
main, the probability source of great
of securing a suiffi- initerest from the
ciently active osteo- general surgeon, but
genesis to effect it also renders hiii

union is no doubt ~~~~~~~~~~~~~~~~~~~lessfit to treat suchi
increased by leaving FIG. 5.-Fracture of the Thigh treated with Thomiias's Knee-splint and Sinclair's cases wlhen lheavy
a p p a r e 11 t 1y dead Foot Extension; Counterpoise Suspension from a Travelling Gallery (Sinclair). fi g li t i n g produces
fragml-ents of bone themii in suclh great
in conliexion witlh tlhe periosteuin for some time, because inumbers as to render searegation imiipossible. It must
a few bone cells may have escaped to lhelp in repair always be borne in mind that the good miiilitary medical
wilicil will probably perish if exposed in a suppuratingo officer is a general practitioner, since occasions must
wound. always occur withs frequency in whicll hie must be pre-
In suppturating fractures of some standing Rutlherford pared to deal efficiently witll any kind of casualty. The
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only way to carry out usefully this idea is to create one or
two special centres in which such cases can be treated as
well as possible by specially skilled surgeons, and utiliz.e
these as presenting an ideal towards which all should
work. Such special hospitals, no doubt, encourage the
device of new methods and the perfection or modification
of others; our special hospitals have done this, but it
is only just to the medical officers generally to say that
a number of the most useful devices have been introduced
quite independently of special conditions, and it is fair
to assume that with young and energetic officers this is
always likely to be the case.

WOUNDS OF THE JOINTS.
The experience gained in recent previous wars regarding

the treatment of wounds of the joints has proved of small
avail in the present campaign, because it was obtained
almiiost entirely fromn observation of the lesions produced
by rifle bullets, whiclh had proved themselves of minor
gravity and capable of healing spontaneously with good
results when subjected to simple treatment founded on
the sovereign principle of rest.
The problem of dealing with grossly infected joints, often

enclosing a septic irregular fragment of shell and dirty
clothing, perhaps furtlher coniplicated by extensive frac-
tures of- the cancellous articular extremities of the hones,
was therefore practically a new one to the surgeons
engaged. Some definite facts have emerged from the first
flood of difficulties encountered, and these may be shortly
summarized as follows:

1. The wound of the soft parts clothing tlle joint is
vastly more diffiul-t to deal witlh than the articular cavity
itself, and demands the most scrupulous care on the part
of the surgeon.

2. The synovial capsule itself is capable of dealing
unaided with an infection often of a really serious grade.

3. A strong tendency exists for an infection to localize
itself, and the remaining portion of the capsule may remain
free.

4. Drainage in the sense of the insertion of large
tubes left in position for days or more is not only useless
but also harmful.

5. That a gunshot wound of a joint cannot be dealt with
too early, and with proper treatment forms one of the best
subject wounds for primary suture.

6. That following the primar-y surgical intervention the
main principle to be observed is that of complete rest
gained by immobilization and extension.
General appreciation of tlhesa facts has resulted in the

conclusion that a large majority of the joint injuries should
be subjected to their chief active surgical procedure in the
hospitals of the advanced lines, and hence the general
hospitals at the present time receive only cases well upon
the road to recovery, or such as present the more difficult
problem of dealing with established infection and
suppuration.

iThe line of treatment which has been adopted in the
former class of case lhas been already laid down elsewhere
(June 2nd, p. 718); it only remains to add that even cases
which eventually do excellently often arrive on- the lines of
communication with synovial effusion and local redness
over the joint and in the neighbourhood of theL closed7
wound, signs due entirely to an exacerbation consequent
on the disturbance inseparable from transport down the
lines. Suclh cases usually settle down rapidly if only
strict care be taken to maintain complete immobilization,
while any premature intervention may be the direct cause
of disaster.
The class of case may be fir3t dealt with in which a

patient arrives with a foreign body still occupying the
joint cavity. This maybe the result of the impracticability
of early x-ray examination, the nature of or the small size
of the foreign body, or of a large number of patients
having to be rapidly dealt with.

If the foreign body be a rifle bullet, and tlle condition
of the. external wound satisfactory, no immediate action
beyond fixation of tlle joint-is advisable at this period. lt
is far safer to leave the bullet in situ until all chances of
awakening or spreading an infection have passed by. The
same attitude of masterly inactivity is to be recommended
in instances in which the included foreign body consists
of very small fragments of shells or bombs, especially if

the bodies lie without the actual confines of the articu.
lating surfaces. Such foreign bodies may never need
removal. Thirdly, when fragments of shell are of larger
size and need removal they may be found to have re-
bounded from tlle surface of the bone and actually lie.
without the confines of the joint cavity, altlhough the
capsule has been wounded. Special care needs to be exer-
cised in dealing with these cases, since portions of clothing
carried before them by the shell fragments may still
occupy the joint cavity. Lastly, the foreign body may be
impacted more or less deeply in the articular end of the
bone, and if a shell fragment it should be removed,
although in a patient who has recently undergone-trans-
port undue haste in the procedure is not advisable.
Wounded joints which arrive with obvious local and

general inflammatory signs need to be treated with great
judgement. The condition may have been aggravated by
transport and&may rapidly improve when complete rest is
assured. Again, the serious infection may be situated in
the periarticular structures rather than in the joint itself,
Precipitate action under these circumstances is to be
deprecated. The safer plan is to place the limb at rest for
twenty-four hours or longer, and observe the result, meanb
while making a puncture and withdrawing fluid, -if present,
for bacteriological examination. If want of improvement
or the result of the bacteriological examination indicate
the advisability of intervention, tlie. type operation should
be of the nature advocated by Colonel Gray-excision of
the wound or wounds in the joint coverinlg,flushing of the
synovial cavity after evacuation of i s contents, and suture
of the synovial membrane. The treatiment of the external
wound differs according to its sike and condition. In some
instances it may be closed completely, in others a drainage
tube may be inserted down to the sutured capsule, or,
where the wound is extensive or obviously not free from
infection, it is better to leave it freely open and treat it by
antiseptic measures until surgically sterile and suitable for
secondary suture. Naturally some of the more extensive
wounds must be left to heal by granulation.
The treatment of a freely suppurating joint requires to

be of a different character; here the joint cavity must be
maintaiined open and sterilization effected by an antiseptic
method, of which -Carrel's has undoubtedly given the best
results. When, for instance, tlle cavity of the knee-joint
in general needs to be drained, the method carried out by
Captain Campbell and advocated by. Captain Gill is worthy
of special mention. It is generally agreed by all observers
that when suppuration extends backwards from the knee
the line of progress is not from the pouches lying on
either side of the crucial ligaments but around the lateral
aspects of the condyles-in point of fact, by the popliteus
extension of the capsule on the outer side and the semi-
membranosus extension on the innier. Hence posterior
drainage from the centre of the joint is not only incon-
venient to arrange but also inadequate to meet the require.
ments. Postero-lateral inacisions have therefore been de-
vised, but Campbell' and Gill have regularized a method
which simplifies greatly the accurate and adequatd
drainage of thee regions. Lateral incisions -hiaving been
made corresponding in position with. the reflection of the
synovial membrane from the femur, a pair of artery
forceps is pushed down on the outer and inner aspect. ot
the lower end of the fetnur respectiely until the points of
the forceps can be pated ithe ppliteal space. An
incision is then made down on to tlle guide thus furnished,
aud a direct route is established to the two bursal exten-
sions from the posterior aspect of the joint, and by this
Carrel's tubes are conducted for the requisite depth.
Slhould still freer drainage be required, the incision is
enlarged, the respective heads of the gastrocnemiuqexposed, and a portion of the origins of the muscle excised,
so that a free opening is ensured. Further mention of the
treatment of the extensions by the suberureal pouch, the
internal intermuscular septum, beneath tlle popliteus or
along the semimembranosus tendon is unnecessary. Tlle
upper pouch of the joint may need several instillation
tubes, which are gradually decreased in number and
totally removed at as early a date as possible.
For suppurating jointsof some standing RutherfordMorison's method hasbeen adopted with success.
The influence of a coexisting fracture on the prognosis

in a joint injuryis a matter of great moment in any class
of case, but the frequency with which this condition is
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rmet with in gunshot wounds invests it with a very special
degree of importance.
There is little doubt that the actual risks to the safety

of the limb attached to this complication were somewhlat
over-estimated at the commencement of the war, and
that to-day, in the presence of a more satisfactory and
i-ational treatment of the wound, and also the knowledge
acquired as to the possibility of saving the joint entire, or
submitting it to either prim4ry, intermediate, or secondary
excision, the prospects of avoiding amputation are much
improved.

It may be laid down generally that tunne's, cavities
containing missiles, fissures, and even T fractures, do not
of necessity entail a very serious prognostic gravity pro-
vided the wound in the soft parts can be and is satisfactorily
dealt with, and the fragment of slhell removed.

In a large proportion of suclh injuries a more or less
movable joint can be attained, and in many a perfect
result. Still, in no form of injury does this more depend
upon the continuous attention of the surgeon, care in the
initial treatment of tlle joint, and subsequent daily pre-
caution. Injuries affecting both bony elements are more
serious, but may be treated by excision. Severely com-
minuted articular ends commonly need amputation, except
.where the single articular end can be removed, as in the
case of the upper ends of the humerus and femar, or where
bones, such as the carpal and tarsal, can be completely
removed. The position to-day may be fairly summed
up by the remark that, putting on one side articular
injuries in which the bony destruction is irreparable, the
fate of the case depends upon the success witlh whicll the
wound of the soft parts surrounding the articulation is
treated, the actual joint lesion taking a place of secondary
importance.

EXCISION OF JOINTS FOR GUNSHOT INJ.URY.
Thle operation of excision is certainly struggling for a

return to its former position as a procedure in military
surgery. The operations were no doubt in older wars
often performed for wlhat would now be considered in-
juries not sufficiently extensive to demand so radical a
procedure; further wound treatment was often defective.
Yet excision occupied a prominent place until, with the
introduction of the bullet of small calibre and ogival or
dome-shaped tip, injuries of the joints began to be regarded
as of minor importance. A revulsion in*the latter opinion
occurred early in this campaign, and some surgeons,
notably Colonel H. M. W. Gray 16 and Colonel A.
Fullerton,17 have striven to enlarge the sphere of applica-
tion of the operation. Growing experience has shown that
it may be resorted to in well chosen cases in all tlhree
stages of the progress of a joint injury, with a distinct
prospect of success under suitable conditions.

Early Excision.
By this is meant immediate operation at the casualty

clearing station. It is obvious that a certain number of
joints may be excised as an alternative to am-putation.
Thus a severe localized comminution of the lower end of
tlhe femur or the upper end of the tibia may render any
chance of recovery witli a useful limb improbable, wlhile
the uninjured shaft may still be of sufficient length to allow
of ultimate unioni. The same remark nmay apply when
both articular surfaces lhave been destroyed by a traversing
missile. In the case of the upper end of the humerus, and
also of tlle femur, comminuted fractures with destruction
of the articular surface also form good subjects for tllh
operation. In the case of the elbow a partial excision. may
often be done. Tlhe possibility of these procedures is
limited, however, by tlhe definite condition that circum-
stances will allow the patient to remain a sufficiently long
time to be able to bear safely the risks of transport dlown
the -lines of comumunication to the general lhospital.

Intermediate Excision.
Tlhis operation is tilat concerning lvhich tlle gravest

doubts were felt in the earlier stagqes of tile war, and even
nfow it can only be undertaken with tlle definite intentioin
of following it at once by an amputation if the procedule
is followed by local extension of infection and sians of
systemic absorption. It has, however, proved that excision
may be a successful alternative when the severity of the
general and local signs seems to indicate amputation as
the only resource. The explanation of this experience can
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be found solely in the facts that better drainage can be
ensured wlhen the articular ends of the bones have been
removed, and the wound can be treated more effectively.
It is a striking fact that progressive osteomyelitis from the
sawn ends of tlle bone has not developed, especially wlhen
tile frequency of tllis complication in ill-drained com-
minuted fractures is remembered. Two special details need
mention: (1) Should the synovial membrane be removed?
As a general rule this question is to be answered in the
negative. Tile synovial surface in itself is better capable
of dealing with an infection than a freshly cut layer of
subsynovial areolar tissue; furtlher, when no extensions of
suppuration have taken place it forms an effective barrier
against such extensions when proper drainage is provided.
(2) Should the refreshed ends of the bones be placed in
apposition, or be temporarily kept widely separated bv
extension ? The latter plan has been most generally
adopted. The excision of bone shlould be of tlle most
limited extent in the case of the knee. Lastly, in tilis
joint as in all others, excision is not to be regarded as a
proper alternative where efficient drainage can be expected
to ensure tlle end desired.

Late Excision.
The principles guiding the performance of excision at a

later date do not materially differ from those laid down
above; moreover, as far as the hospitals on the lines of
communication are concerned, the distinction is rather one
of date tllan of the actual pathological conditions to be
dealt with.

THE RESULTS OBTAINED IN WOUNDS OF THE
KNEE-JOINT.

Any writer concerned with wounds of tlle articulations
instinctively thinks of the knee-joint, the most trouible-
some to treat, and that in which a good result is most
gratifying. Two small series of cases treated by Captain
Campbell and Captain Gill respectively may give some
indication of the results being attained.

In 60 consecutive cases (Campbell) coming from tlle
fighlting on the Somme, 14 were classified as very severe,
17 as severe, 13 as slight, and 16 as having retained
foreign bodies. Three died and one required amputation.
The three deaths were due in two cases to secondary
llaemorrhage and in one to septicaemia. The otlher 56
cases were transferred to England in good condition, tile
great majority witli every prospect of good movable
joints.

In a second series of 69 cases (Gill), in 31 the injury was
inflicted by a bullet, and in all an uninterrupted recovery
was obtained by rest alone.
Amongst the remaining 38 cases one died as a result

of meningitis following a fracture of the skull, and in
four cases, one of wlhicli developed delayed tetanus and
recovered, amputation was required.

Tlhus in 129 cases amputation was required in 3.87 per
cent., and deatlh occurred in 3.1 per cent.
A much larger series of cases, treated by different

surgeons at Rouen, lhas been analvsed bv Colonel Gilbert
Barling, and the results are shown in tlle appended table:

Cas-es of JWound of Kinee-joint operated ont at 1ouen, Hospitals in
tihe seconid half of 1916, exclutdinig all those which were so quciet
that nothing was donte, and all those sutbmttitted to early aniputa-
tiont as conservative rneasst-es rere inapplicable.

1. Tetal cases of injury to knee operated on 845
2. With bone injury ... ... ... 438
3. Without bone injury ... ... ... 407
4. Wound excised and closed ... ... 322
5. Cases with wounds excised and closed

requiring further operation ... 82 25.5%
6. Wound excised and packed ... ... 336
7. Cases with wounds excised and packed

requiring further operation ... ... 128=38.4%
8. Excision of knee ... ... ... 42
9. Arthrectomy, partial or complete ... 15

10. Excisions or arthrectomies amputated... 13=22.8%
11. 'Deaths after excision or arthrectomy ... 13=22.8%
12. Amputation withouit excision ... ... 151
13' Deaths after amputation without excision 49=32.4%
14. Total amptutations ... ... ... 164=19.4%
15. Total mortality ... ... ... 72= 8.5%

Note.-One hospital with a large number of cases was unable to
separate the cases under headings 4 and 6.
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FIG. 6.-View of St. John Ambulance Brigade Hospital, showing connexion of the huts by an oPen corridor.

INJURIES TO THE HEAD.
A great clbange hias taken place since the commencemiieint

of the war bothi in. tbe nature of tlle cases and in tlheir
actual inuimlber. This clbange depends on the one band on
tlle fact that a larger number of these injuries are retained
and operated upon at tile front lines, and on the other on
tile protectioni afforded to tlle head by tlle lbelmet. The
early treatment of illese injuries llas already been dealt
witil; it suffices lhere to say tllat tllh patients wlich now
arrive liave eitlier already been operated upon and are in
good condition, or they comie downi already suffering fromn
septic complications. The general lines governing tlle
treatment of the latter class of case lhave been admirably
laid down in a paper in the British Joutrnal of Sutrger-y by
Sargeiit anld Holmes,18 and certain poillts in the tecln;iqule
of tile operative procedture elaborated. These autlhors
have also dlealt with the anatolmiical anid Ilistological
clianges associated withl traumiiatic injuries and infected
wounds of the brain aind their bealing on the surgical
treatmenet of tllese conditionis. Further, examination of
a considerable niunllber of patielnts somile illontlls after tlleir
return to England proved lmlutclh 11io0e satisfactory than
lhad beel genlerally expected. It was foulnd that tlhe pro-
portion of patients wvlio die after tranisferenlce to England
is small; later comiiplicationis, sulch as cerebral abscess, are
comnparatively rare, anld serious seqnielae, sucll as insaility
and epilepsy, are imiucll less COiiilOil tlhani lhad been fore-
told. In onily 15 per cenit. of tlle patielnts examined, lhow.-
ever, lhad muore tllan olne year elapsed frolm tlle date of tile
injury. It also appeared tlhat mlaiay patients witll forcign
bodies deeply lodlged in tlle brain recover, anid are scarcely
more liable to serious comilplications tllaii miiel in wlioloi tile
brain ilas been mlueely exposed aild lacerated. These con-l
clusions are obviously only tentative, but as far as they go
appear hopeful.

Holmies aud Saelgcnt9 lhave also described a collclition
hitlherto rarre ty seen, and established a defillite syniptoln-.
syndronmC for its r'ecognitioln. It is ellaracterized by an
immlillediate spastic paralysis of the legs, alnd frequently
associated witlh spas;tic paresis of the pLroxiiulal segiments
of tlle upper liaibs; they liave silowvni it to be due to
occlisioli of thle superior lolgitu(linal sinuis or ..f the veins
tilat eniter it, by a depressed fr 1etture of tile v'-rtex of tile
sliull. Experience slioved liOe results of surxieal initer-
fereince witlh cases of tl'i. class to lhave beenl extremelv
unsatisfactory. Thsli, famong 39 cases observed wvllicll
were operated upon eitller by tile autilors or otlers, 15
deatlhs occurred, wvh'ile anilongo 37 cases' iin whliCll Ino
operationi was unrdertalienll o"l- oiie died before transferenco
to' Elglanld.. WAh'lile it is allowed tliat thie.se figures ilave
no absolute valuLe, as iiattc'aally OIily the illlst serious cases
'Were selected for o0el atiomD, anid in seven of the fatal cases
di'rect injury to tile bLaii was lpreseilt ill addition, Vet tlec
resuLlts cenplilasized tile dangej of operation. Moreovcr,
the uncomnplicated cases shloNve(d a reiiarklable tend-lency to
illiprove, )rol)ably owingw to tlje free Velous ailastoniosis
pelrnittimlg i re e'stablislinllelnt of tile cirecilationi.

Ani ililportant con tribntion to tile localizaltion1 of funietioni
iii tlhe brain lha-s ien plt hedi; by((l *iy t,istro anid 11oll.rCS,i,
whlo frlo01 a st'Ud1y of a large ntmimlber of cases witilinijiliy
in 'tile occipitailFL'gion wereC ablo to dctewi-ine the r'elative

positions in tile cortical visual areas of the foci that sub.
serve vision of separate portions of the visual fields. They
bring forward strong evidence witll regard to tile site for
thle centre for iiiacular or direct central vision, of whicl
very little lbad been previously known.

Tile following concliusions are come to:
1. Tlle upper half of eacll retina is represented in the

dorsal, and the lower in the ventral, part of each visual
area.
I2.-2The ceintre for macular or cenitral vision lies in the

posterior extremrsities of tile visual areas, probably on the
nmargins anid the lateral surfaces of the occipital poles.

3. That portion of eaclh upper quadrant of the retina
in tl,e immliediate leiglibourliood of, and including the
adjacenlt part of, the fovea cenitralis is represented in tlle
upper and posterior part*of tile visual area in thle hemi-
spllere of tIle saine side, and vice versa.

4. Tile centre for vision subserved by tile periphery of
tle retiniae is probably situated in the anterior end of the
visuial area, and tlle serial concentric zones of the retinia
fromn tle inacula to tile peripllery aro probably represented
in tllis order fromli beliind forwards in tllh visual area.

Holmues anid Smitlh lhave recorded observations on the
nature and localization of motor apraxia, or the inability
to performn purposeful actions despite tile preservation of
movemenet anld power, and in disturbance of the faculty of
localizinig objects in tile external world by vision.
Probably in Ino otlher branclh of nledicine lhave so many

and suclh difficult problemls ariseni as in tlle treatment of
wounds and diseases of the nervous systemii. Furtlier, in
thlis field ani extraordinary opporttutnity has occurred to
observe, anialyse, amld record tile effects of local lesions,
iany of which are rarely, if ever, seeni in civil life. Whlen
the results of this work are eventually correlated, they
mullst tlhrowv miiuchl lighlt on tlhe plhysiology and the
symuptomls of disturbance of different parts of tlle brain,
spinal cord, and, periphleral lnerves, anid tlhus increase our
knowledge of tile diagnosis anid treiatment of nervous
dliseases. Special arranigemiients liave been made in order
tljat cases under earlv observation in France slhould be
sent'to special hospitals in Eiigland, so tlhai continuous
records will be mijailntaine'd of a very large number of
patients.

NOTE BY COLONEL PERCY SARGENT.
I ami inldcted to Coloilel Sargent for tile following

suimimniary of liis opinions:
Th11e very laige experience gained of gunsliot wonlvuds of

the hiead lhas led to a consi(lerable degree of mllodification
in thleir treatmnenit. IJunediate routiine aperation. often
illcoilll)lete amid, ill the absence of full nieurological
iliforllclationi amid r- ratly examiniation, some-times unniecessary
aii(l even iii.sirected, is nio longer wvidely practised. It
lhas longc sinice been madc abundantly clear that early
evacmmatioin of operated cases is ofteni followed by disaster.
As it is imiphJossible to ope-ate upoim tlhesccases anid to retain
tlieiii at the learilng statiomls for a period wlhichl render1s
transportation safe, niore especially during times of greatinilitamrv activity, tle practice niow genelrally adopted is to
tmaiisfer tlhemni witlhouit operatiorn as soon as possible to
hospitals fturtlier dowvni tlle hiuie. It has been made quite
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clear that surgical intervention is rarely required for the
relief of cerebral symptonms, wlhether general or focal. Its
chief aim is the prevention of intradural infection. On tlhis-
conception all cases of gunshot wounds of the lhead fall
into one of two categories, according to whether the dura
mater lias or has not been penetrated. Non-penetrating
wounds have a low rate of mortality, wrlhetlher operated
upon or not, provided that the surgeon respects the integrity
of tlhe duLra mater.

It is customary, _
thierefore., to ..do in,'

tllese cases only as -

much as:may seem
advisable to ensuire-
speedy heling. asinch-
as excision- oIthfetl-e
edges-of .the wound,
removal wlhere- _
necessary of bony
fragments, and par-
tial or complete
closure of the gap

in the %calp either
by suturff or by some -

forni of plastic
operation.
P e n e trat ing 6

vounds, on the
otlher hand, afford Fia. 7.-Interior of a ward of the St.
more room for dif-
ference of opinion regarding tlleir treatment. Individual
cases continue to present difficuLlties even to those wlho
have seen large numiibers, but, broadly speaking, there
is a conisensus of opinion in favour of the following line
of treatmyient: Tlle wounds haviuna been cleansed and
dressed, the patient is transferred as soon as possible to a
hospital whlere he can be retained for at least a fortniaht
after the operationi. A complete neurological an'd radio.
graplic examination is mnade and tlle operative treat|
inent tllen directed according to tlle diagnosis tllus
arrived at. In sonme cases of penetrating wounds no
operation is indicated, sucli as tlhose in whiclh a bullet has
passed completely tlrouglh the hlead; or those in which
a bullet or a metallic fragment is embedded in the brain
at a distance from a small clean entrance wouncl, and
is giving rise to no symptoms. Anotlher class of case
for wlliclh operative inter-
ference is usually contra-

indiicated is tllat in wlhich 5N

the longitudinal, sinus hias-
be'en injured. Cases wvllere
a track from the scalp
wound leads down to in- |l.
driven bony fragments, or-.....

to an easily. accessible

missile are operated upon,
briefly, as follows : A

moderately large flap is'
turned down after resection
of all damaged tissue round
the scalp wound; the bony
opening is enlarged suffi-
ciently to expose thoroughly
the opening in the dura _
mater; thle indriven frag-
meents of bone and metal
are removed under a con-
stant stream. of hot phy-1
siological saline solution;

and the track is drained by
a .celluloid, metal, or r'ubber
tLibe brouglht out tlirougli
tube oriugial wound. In FIG. 8.-Interior of the opera
Zri InAmbulance Bri

cases of -more superficial
cerebral laceration, wlhere track drainare is unnecessary,
the principle is employed of covering the delnuded brain
by some plastic operation on the scalp; in these circum-
stances drainage tubes emerging from tlhe anales of the
scalp flap are usually employed for a few days.

Retained Missiles.

ptn!ons still vary regarding the advisability of operating
for the removal of bullets or shell fragments. There is

much evidence to slhow that tllese foreign bodies are well
retained, and, apart from the uncommon accident of late
suppuration, cause no symptoms. It has been stated by
more than one writer that bullets embedded in tlle braiin
move about under the influence of gravity. The evidence
for this view is wtholly unconvincing. Removal of bullets,
even when the wounds have healed and the risk of septic
infection thereby is largely minimized, must be, even in

; .:- siilLed,. lands,
attended. by anamount of damage
whichbin most cases
.would- ha'e~ more
serious neurological
consequences than
could the presence
-of an aseptic bullet.

PL-imary removal
of a*'deeply-seated
missile carries withi
it the additional
riskt of septic in-
fection. For thiese
reasons the usuial

't practice is to leave
alonie suchi missiles.

..:.. The treatment of
_ ____ iindriven fragments

John Ambulance Brigade Hospital. of bone is more do-
bateable. Whlen

driven into the brain by a missile wlicll is itself re-
tained, tlle bony fragments are rarely, if ever, more
deeply placed than tlle projectile. Wlhen drivec, in
by the impact of a missile whicll does not itself enter the
cranial cavity, the bony fragments are rarely found so
deeply situated but tllat tlley can be reimoveo alolng
the track with little, if any, additional damage being
done.
With regard to the septicity of thlese indriveli metallic

and bony fragments, it lhas been found that a la-ge propor-
tion, when dropped into culture media immediately upon
removal, fail to provoke any bacterial growvtlh, eitlher
aerobically or anaerobically.
The question of thIe intracranial pressure lhas been tlle

subject of repeated obser*Ltion. Amnong tlle concltusions
of practical importance whiclh have been arrived at are

- tlhe followinug:
1. Apart from the rare;|3'~1-M instances of extensive initra-

cranial hiaemorroi--age, trau-
matic oedelna, whlilst play-
ing an important part iln
symptomatology, does lnot

.: reaclh a sufficient degLree of
intensity to endanger life.

2. The instances of severe
iin t r a cranial haemorrlhage
not rapidly fatal are very
few; and even ainoigst

......these there is a certain
nuumber wllich surgical in.
tervention is not likely to
save. Experience lhas
slhown that an intracraniial
blaemorrllage wlhiclh is
sufficiently severe to demnaid
operative relief, anid whlich
can be recovered fromd, gives
unmistakable signs of its
progress. The operation can

___________ _ be deliberately plaun.ed and
,ting theatre of the St. Johlli carried out witlh the de-igade oeospJital. finite object in view. Ex-

ploratory operationis on thle
chance of discovering a laemorrhage are rarely if ever
called for.

3. In case of intracranial pressure from secondary
oedeml'a whiclh is causing severe lheadachle and le-niation
of brain, this can allmost always be controlled by 1.unmbar
puncture. Occasionally contralateral decomulpressioni lhas
been done for thele eases and has afforded good resuLlts.

Suclh evidenlce as is at present avallable from the later
results (six months to two years) is all in support ef the
ge-neral policy of treatment outlined above.
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The 'steel helmets lhave played an important part. The
study of cranial wounds before and after theeir general
adoption brings to light many interesting points. The
outstanding feature, however, is that which concerns the
penetration of the dura mater. Tihe proportion of pene-
trating wounds has very largely diminislhed, as also has
the mortality, another amongst many indications that the
surgeon cannot attaclh too muclh importance to the
integrity of this membrane, or treat it -with too much
respect.

INJURIES TO THE9SPINAL CORD.
Wounds and injuries of tlle spinal cord, wlhen amenable

to treatment, demand early surgical intervention. At the
co'mmnencement of tllis war but little was known regard-
ing the actual structural changes attendant on gunslhot
injuries, and wlhat was known was concerned mainly with
the changes whichl were found in spinal cords examiiled
at a comparatively late date. The position of the surgeon
was rendered yet the more difficult, in that past clinical
experience hiad shown the extreme difficulty which exists
in forming a correct prognosis, particularly in view of the
remarkable ultimate recover;ies observed in patients whose
primary symptomus lhad not been able to be distinguislhed
fromu those observed as attendilng total destructive lesions.

In order, therefore, to recognize wlhen surgical inter-
vention can be undertaken with a reasonable prospect of
success, it was necessary to obtain an accurate idea of the
-nature of tlle patlhological clhanges produced in the cord
by modern projectiles. An investigation on this subject
was undertaken by Gordon Holmes.n He found that even
slight local injurie3 are very frequently associated with
extensive oedema, haemorrllages, softenings, and often with
ascending cavity formation, wlhich mAay extend a consider-
able distance both above and below the level of the original
injury qr wound. Thlese chlanges he refers to the concus-
sion effect produced by the missile tlhrouglh the walls of the
spinal canal; they may exist even witlhout the presence of
a fracture of the vertebrae. Such changes can obviously
not be relieved by any reasonable operation, and the
fact thlat, apar't from the secondary cavities that develop
later, they occur immediately or withlinl a very slhort time
of the infliction of the injury, diminishes the favourable
prospect of any surgical intervention. In somne cases

undoubtedly the symptoms are largely or in part due to
compression of the spinal cord by" either the missile or a
fragment of depressed bone, but numerous examinations
have proved that-even in these the same intraspinal lesions
exist.
Even relatively slight injuries often produce for tlle first

few days, the period wlhen operation offers the best chance
of success, symptoms that may be confused witlh those of
total and irreparable damage to the cord, and sonie clinical
indication of the severity of the spinal injury is conse-

quently necessary before an operation can be reasonably
undertaken. This question was investigated in a large
number of cases and the conclusions were publislhed in the
same lectures. These are to tlhe effect thlat the safest
guide to the severity of tlhe inijury is afforded by the form
and character of the sensory disturbances, and especially
by the changes and modifications in tlle reflexes of the
affected limbs.

In mnost cases the site of the wound or a radiographic
examination permits an accurate diagnosis of the medullary
lesion, but not infrequently this can be determined only by
a study of the symptoms produced by it. The metlhod by
wlliclh an accurate local diagnosis can be made is also
dealt witlh in these lectures. Here, too, nmany imnportanit
and interesting symptoms wlliclh result from injuries to
different portions of the spinal cord are described. It was
found, for example, that when its lower cervical and the
upper thoracic segments were severely affected, the
patients ofton presented a serious symptom-syndrome
clharacterized by hlypotlhermia, bradycardia, low blood
pressure, reduced secretion of urine, and mental lhebetude.
The body tenmperature muay fall as low as 800F. (27°C.),
the pulse-rate to 35 or 40 per minute, the blood pressure to
60 mm. of mercury, and only 4 to 8 oz. of urinie mnay be
secreted it the twenty-four hiours.

Injuries to the region from whlich the vasomotor fibres

to the kidneys pass off may, oni the other hand, produce
an. extraordinary polBuria, and lesions in the higher cer-
vical segments were shown to be often associated with
lbyperDvrexia.

Attention has been drawn by T. R. Elliott 22 to thel
occurrence of spinal lesions in men who have been exposed'
to shell explosions in their immediate vicinity, but whli?
escaped direct injuries.
The acquisition of wider knowledge has not, howevert

greatly widened the scope of operative intervention.
OperAM%ns are still for the most part confined (1) to case.
in which a radiographic or direct examination reveals
the presence of displaced and depressed fragments of bond
or the lodgeme'nt of foreign bodies either within the canal
or buried in the cord (it may be mentioned that several
cases have been observed where retained bullets liav9
travelled long distances within the spinal canal, particularly
in its lower part); (2) to cases in which the patients suffer
severe and unbearable pain; (3) to cases in whiclh pressure
from haemorrh'age around tlle cord is suspected, such cases
being very rare. An additional class may be added id
which a late operation is performed on the chance of som'
improvement- being gained, mainly as a question of ex-
pediency. Patients with injuries to the nerves of the
cauda equina have as a rule been evacuated to England.
No striking change in operative technique has been

developed, beyond the general tendency to partial rather
than classical laminectomies, and perhaps the development
of an increased confidence in thle utility of placing 9
muscle graft over the opening in the spinal membranes
when leakage of cerebro-spinal fluid has been associated
with the performance of the operation. An intact dura
hias througlout been an important immediate prognostic
-element, as in the case of injuries to the head.

Early drainage of the bladder by a suprapubic tube has
been advocated by Perev Sargent since the commencement
of the camnpaign, but the difficulties in the transport of
patients tllus operated -upon, and tlle increased responsi-
bility devolving on the nurse in keeping the back in good
conditio'n, have militated against an extensive adoption of
tllis measure.

I1njuries to the peripheral nerves lhave been extremely
common; it has indeed been estimated that in 18 to 20 per
cent. of all limb wounds slight or more serious lesions of
the large nerve trunks-coexist. But owing to the facts
that wlhen, as is usually tlle case, extensive septic wounds
are present, the early surgical treatment of nerve injuries
is impracticable, and that the patients with small and
clean wounds can be safely transferred to England, neitlher
the treatment nor the study of these injuries has been an
urgent question in the general hospitals on the lines of
communication in France.

ABDOMINAL INJURIES.
The chief interest in injuries to tlle abdomen has riglhtly

been transferred from the general lhospitals to special
hospitals at an advanced line or to tlle highlly developed
casualty clearing stations. Prior to tlle- summer of 1915
however, the great majority.of injuries to tlhe abdominai
viscera were dealt with on the expectant system, and
suclh of the patients as slirvived arrived in the- gnneral
hospitals. The experience gained from the observation of
these afforded somie information regarding the .prognosis of
wounds of botlh hlollow and solid viscera, which may in the
future not be so readily obtained.
The enormous mortality attending injuries to.the small

intestine was clearly demonstrated, both by the coimn
paratively smiiall number of patients arriving, and by tlhe
sinmple nature of the injuries found at post-Morteiit ex-
amination compared with the extensive and multiple
clharacter of the lesions wlichl have been almost uniformly
discovered by early operations. This experience exerted a
healtlly influence in supporting the advisability' of-early
operation. The lesser fatality attending wounds of the
colon, excluding the transverse colon and tlle sigmoid
flexure, was also- clearly bi;ouglit out, since a larger pro.
portion of wounds of the large gut arrived at the general
lhospitals, anid of these more than 50 per cent. recovered
sufficiently to be tranisferred to England in good condition.
This number obviously has no bearing on the 'actual
mortality of wounds of the colon, but comnpared witlh a
percentage recovery of less than 16 per cent. in a smuall
series of mninor injuries to the small intestine, it i1
sufficiently striking.
A few points of somne interest also emerged from tlhe

series of post- ?norte)fl exaimiinations made on patients wlho
lhad survived several days; thus'the general character of
the peritonitis in cases of wounds of the small intestine,

--
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and the localized nature of that developing in consequence
of wounds oflthe large intestine; the observation Ithat
when the wound track traversed the psoas muscle and its
sheath, extravasation of faccal contents extended to the
thigh, and, indeed, might travel the wlhole lengtll of the
lower limb; that, while patients dying from the effects of
wounds of the small intestine uniformly succumbed to
peritoneal infection, deaths following wounds of the colon

! were in 40 per cent. of all the cases, the result of a ge'neral
infection from the septic wound of the soft parts of the
trunk, and not from the peritoneum itself, the main feature
of the general infection being a purulent bronchitis; lastly,
in a series of post-mnortem examinations made by Captain
Henry, in every case a general post-mnortem invasion of
the blood stream by anaerobic organisms was discovered.
Experience again proved tlle practical futility of per-

forming operations for the closure of intestinal wounds
after tlhirty-six hours has elapsed from the time of injury,
and it is probable that any successes obtained in thisfield
can be counted upon the fingers. On the other hand,the
good results often obtained by performing a proximal
colostonmy in large wounds involving the colon, tand tihus
preventing the occurrence of the late systemic infection
referred to above, have been amply proved. The few cases
in which an attempt lhas beeni made to 'obtain the same
result by making an intestinal short circuit by anasitomosis
lhave not been encouraging, and it is obvious that this class
of case is not a favourable one for sucll procedure, botlh
by reason of the general condition of the patienit and the
difficuLltv in performing a clean operation.
No novel featureshave been disclosed by observation of

the numiierous instances of wounds to the solid abdominal
viscera, except that perhaps more attention has been given
to interference with tlleir secretory activity, and that the
favourable course commonly followinig these injuries in
the absence of serious septic complications lhas tended to
confirm tlle propriety of maintaining an expectant atti-
tude in the question of suirgical intervention. Speaking
generally, it may be said that the formation of an abscess
or tlle occurrence of secondary lhaemorrliage are the only
indications for interference at tlle period at wlhiclh tlhe
patients reachi the general hospitals. Septic infection lhas
been the common cause of death- in all cases of fatal injury
to tlhe solid viscera, and in 40 per cent. of deatlhs froin
w%vounds of the liver seconudary haemnotrlhage lhas accounted
fo6r the fatal issue.

Intraperitoneal injuries to the urinary bladder, even dis-
covered during operation, lhave been i-are tlhrouglhout the
campaign, anid for somiie reasoln probably connected with tlje
conditions of trenclh warfare extraperitoneal w%ounds lhave
becomne far less often seen than in tlle earlier stages of tlle
war. These latter cases were the source of muchl interest
because they were sometimes difficult to diagpose from
injury to the pelvic small intestine in the early stage, and
also because treatment by simple suprapubic cystostomy
was found so successful. Of thirty such consec'utive opera-
tions only two proved unsuccessful, and in each of these
comiminuted fractures of the pelvis were coexistent. If
treated expectantly, in many instances the urine escaped
freely from apertures in the abdominal wall, tlhe buttock,
or the thigh for a week or ten days, and tlje patients
appeared to be doing well, wlhen infection of the urine
took place, extended to the bladder, and toxaemia follo'Wed.
Even in the latter class of case, lhowever, a late operation
may save the patient.

Tlle condition of cases arriving at the general lhospitals
subsequently to the primary operations at the advanced
lines deserves a word of mention, althouglh the patients are
for the most part birds of passage.

Tlle general results have been remarkably good, the
nmost common defect, now not so common as in the earlier
stages of the adoption of early operation, has bee'n incom-
plete union of the wound in the abdominal wall. In some
cases this has been accounted for by a primary use of thle
initial entry or exit aperture for the site of the exploratory
incision, in others from the persistency of a gap left for
a drainag,e tube; but beyond these complicating factors
an obvious difficulty hias been experienced in obtaining firm
primary union. In some cases this may have depended on
an actual deficiency in vitality of the patient, but -in the
majority it h-as undoubtedly.been ilue to infection, and when
it is borne in mind that theseeoperations are performed
on the subijects of intestinal perforations in whlom infected
-blood is present aud lhas to be evacuated from the

abdominal cavity, it is not to be surprised at. Such wounds
have usually hlealed readily by granulation. Tlhe next
occasional trouble has been the secondary formation of
abscesses or fistulae. Thleselhave not beeln common, the
abscesses usually following colic wounds and tlle fistulae
wounds of the small intestine. It is nloteworthy that
fistulae have formed secondarily in several cases in wlicih
the primary exploration has been negative-a fact bearing
on the common occurrence of severe contusion of thAe wall
of the intestine unaccompanied by perforation. As a rule,
the bowels have acted regularly and well; in sonme
instances diarrlhoealhas been troublesome, and thl writer
lhas only seen one patient in wlhom secondary obstruction
was caused by adhesions. On the wlhole, thle evidence
seems against troublesome peritoneal adlhesions developing
with any degree of frequency. In one post-mortem exami-
nation made-upon a patient who died from pneutmonia the
abdominal cavity was absolutely frege from, adhesions, and
an end-to-end anstomosis was so perfect as to be with
difficultydiscovered.. As is, ustually ttle case, hlowever, the
bowel on tle proximal side of the line of union was already
somewhlat dilated. -

RADIOGRAPHY.*
Considerable advance in tlle localization of foreign

bodieslhas beenmiade in the gelneralhospitals on thlelines
of comnmunication during the pr6gress of the campaign.

Whlile the majority-of surgeons are agreed that the
greatest radiographic assistance which they receive in the
removal of foreign bodies is afforded either by stereoscopic
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FIG. 9.-I, Curve for a displacement of the focus of 150 mm.
II, Curve fora displacement of the focus of 100 mm. II Curve for
a displacement of the focus of 50 mm. IV, Correction for a dis-
tance from the screen to the focus of 400 mm. V. Correction for a
distance from the screen to the focus of 500 mm. VI, Correction
for a distance from the screen to the focus of 600 mm.

skiagrams, or else by two plates taken at planes at right
angles to one another-usually antero-posterior and
lateral-tlhere are situations in the body, such as the
thorax, abdomen, and hiip region, wlhere it is morb
convenient to be provided with the depth of the foreigt
body in centinmetres undera certain spot.

The writer is indebted to MMajor Curlis Webb for the technical
details contained in this section.
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The prime credit of evolvincg a metlhod for estimating
the position of a foreigni bodly mnust be accorded to
Mackenzie Davidson, but in the early days of the war
Dr. Hampson worked out a. modification of Dtvidson's
principle vwhereby the deptlh of the foreign body from the
screen or plate could be easily -and quickly determined,
and several ingenious modifications of a mechlanical device
attaclhed to a fluorescenit screen lhave bceni ptut upon the
market based in principle oni IHampson's -v orl.

In October, 1914, M. Paul Wignjy, dlirector of tle Roueni
Electric -Lighlt Conlipany, worked out a formula and
chart (Fig. 9) for Major Curtis Webb; subseqetly the
formula was inidependently evolved, and ptibisled in
England in' 1915. This formuila is based oni Hampsoni's
prinjciple, and lhas been extensively utilized- by Major
Curtis Webb, wlho hias supplied the following detai-ls as to
its application:
In Figure 10 T is the table, and P tle part of tlhe patient

in whichl lies the foreign body at an unknlmo'wn depth (x);
L = the distance between the anticathode and plate;

L

Plate or screen

T

d
FIcG. IL

Level of
anticatho'e
in tube box

d = tlle lhorizontal miiovemiient of the tube between tlhe two
exposures; 1 - the distance between the twvo shad(o-ws oIn
thle plate or screeni. Witlh tllese inidicationis it is, easy -to
work out tlle formiiula:

X L

Tlle procedure is as follows: First centre tljh ttube
under tlle part wliere the foreign body is:,seen, and close
tlhe diaplhragm down until tlle foreign body is just en-
closed by the aperture. Mark tlle skin over tlie- point,
and the foreign body will lie vertically uinder it. Place.a
plate in position -with its centre about over the foreign
body, miiove tlhe tube a few centirnetres (4 or 5) one way,
expose and thlen iimove the tube back 10 centimetres, adid
expose again o?n the sqine plate. On developiing, there will
be two shadows: the di.,tancQin centimiltetres between two
corresponldinlg poinIts of the slia(lows will be the distlnce 1
'd Slould be- 10 eia., an- L 810odli(d be 50cn. On1 iil.aiy
x-ray coucells thtere,. are ar angeniCets for Securing
this last factor, and wlhere tlhis is the ease tire chart
(Fig. 9) will enable tlho exact depth of the foreign bod-y to
be ascertained witlhout calculation in the following way:
In tlhe upper left side of tlhe clhart are a selies of

numbers co rresplonding to the distancee betiveeni the
sliadoAvs. Talke this figure, followv the lhorizontal line
until it touchles thie- curve corresponding to tle amnount of
lateral movemuent of tlhe plate-uisually 10 cmn. Tl ien
follow the perpendicular frorn there until it imipilnges on
the Line correspondincg to the distance between the plate
and tlle anticathode (L), and thien tra'Ce tho horizontal from'
this poinit towards the riglht of the chart. The examnple
in the clhart is indicated by tlle linie A B C D, wlhere- a
distance between shadows of 4 cm., a movement of thle
tube of 15 cmii., and 40 cm. between plate and anticatlhode
corresponds to a depth of tlle foreign body of 8.5 cmu.

If a coacLh lhas been. extemiiporized tlhe *distance of tlhe
anticatlhode fr-omn the top of the couchl canl he measured
once and for all and noted, and the distance of tlhe plate,
wlhere lying on tlle part undler examinationi, fromii the top
of the table can be added to the above lknowVn distance
and tle deptlh of tlle foreign bodly finally worlied out from
the formula; or the part can be raised on pillows until L is
approximately 50 Cln. FroIn a surgical point of view
approximation is all that is necessary, for note tlhat, if it
be endeavoured to arrange that L be 50 cin., but for some

reason it be eitlher 48 or 52 cm., then x will be eitlher
8 or 8j. Shlould, for example, I be taken as 2 cm., then a.
difference -of . cm. is niegligible in an ordinary removal of
a foreiau body. However, very little ingenuity is required
to ensure L being fairly acourately 50 cm.
For localization of foreign bodies in the eye, an ex-

cellent lhead rest hlas been devised by Major Highanm
Cooper, whliclh is botlh simple, rapid, accurate, and
convenient,

In civil practice it las 4een cdstoniary to radio-
gr4ph the eye -with tlhe patient in the sitting position.
T.his is impracticablo in the majority of -wounded soldiers,

FIG. 11.

lhence tlle lhead rest, illustrated in Fig. 11, was
designed to enable miien to be x-rayed whlile in bed in tlle
ward(s.
The apparatuis is eitlher arranged across the bed, or made

to replace the pillow, the patient's lhcad being placed in
the positioln slhown in Fig. 11, pressed against a plate-
holder A, provided witlh cioss wires. The patient's hlead
rests uipon ani air pillowv, wlhichl cani be inflated to raise it
to tlle hleighlt desired. An1 uiprighlt of thlinl wood, B, iS tllen
puasled uip to the otlher side of the lhead, and clamiiped to
immobilize tlle hlead. rTbe x-ray tube (previously centred
on tllc inltersection of tlle cross wires oni the plate-lholder)
is held in a clamp, c, capable of a 3 cmI1. slhift to eitlher side
of the central position against stops. Henc.e no mieasure-
inients require to be -made, as botlh the distance of tlhe
tube anid tlhe displacements are fixed.
In localizinig foreign bodies in the eye a metal miiarker

must be placed in somue known relation to the centre of
tlhe cornea. In lhead injuries the nmarlkers may be placed
as desirecl. Localization is done by the graplic miietlhod
for vertical and lhorizonital position, and the usual formiiula
is em-oployed to calculate deptlh. Tlle negatives possess
also tlhc advantage of being stereoscopic.
For workin)g ouit tlhe exact position from a pair of stereo-

scopic p!ates a miiost excelClenU auid accurate metho1 has

V

B'

V
FIG. 12.

recently been publislhed which dispenses witlh tlle
Mackenzie Davidson localizer.
A typical case will make' tlis clear (Fig. 12). In this

case the tip of the fuse wire was exactlv 9 m-m. under
and on the same plane as the centre' of tAhe pupil when the
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FJG. 13.-Plot out the foreign body on the left diagram, and read off its distance in mm. from theCentral Corneal Axis (C.C.A.). Imagine the right diagramii rotated round the line of the C.C.A. to the plane passingthrough lthe foreign body. The number of mim. the foreign body is from the C.C.A. is counted, in the planetangential to the centre of the anterior surface of thie cornea, anid the foreign body is plotted out at the appropriatedepth. It will be seen whether the foreign body is inside or outside the globe, and how many miim. it is internal orexternal to the outer siurface of the sclerotic.

The foreign body is ......mm. blow the central corneal axis.

. m.....mIn. to the t oemoral side of the central corneal axis.

......mm. deep to the plane tangential to&the centre of the anterior surface of the cornea.

internalThcarsho te orig blytobeIoutside.tegoe... m xenal toteouter surface of the sclerotic.

patient looked at some distant object with the sound eye,
the patient lying on hiis back so that the lhorizontal
line h ht may be considered as passing froml the vertex
towards the chin. Obviously, then, the vertical line, v v,

will be parallel to the central corneal axis (C.C.A.).
Now, on either side of the point of intersection H

measure two distances, H 5, H S', eaclh of 3 cmii., then the
points s and s' will correspond to the ies-pective positions
of the anticatlhode of the tubes at tlle two exposures, and
f and f' the shadows of the tip of th-e futse wire, and
b and b' the shadows of the foreign body, and F and B
will be tlle respective true positionIs of the tip of the fase
-wire and of the foreign bocdv. From F anid B drop two
verticals F F' and B B'; mneasure F F' and B B', then F F' minus
BB'will be the deptlh of the foreignrl body. Again, draw a
horizontal line tlhrouglh ii parallel tt) ht h, and as it is known
that F was 9 mm. below the cecutral corneal axis, thlen tlle
centre of the pupil is indicated by the point c; then the
distance c B will be the distance of the foreign body above
or below (in this case above) C.C.A. Finally, knowing the
distance of the anticatlhode from the plate, we can deter-
mine tlle distance of the tip of the fuse wire F from thle
plate-using the formula

bs X L
x =

I

-by the distance between the slhadows f and f, and in
the same way the distance of B from tlle plate can be
estimated. If the distance of F be greater than the dis-
tance of B from the plate, B is that much on tlhe temporal
side of the C.C.A., as is indicated by the difference between
the two distances. On the otlher lhand, if B is further
from tlle plate than F, tllen the foreign body will be that
muclh to tile nasal side. In the case typified the exact
position of the foreign body was

4 mm. deep to)
3 mm. above ^C.C.A.
exactly on vertical)

.. in globe.

The accompanying charts (Fig. 13) have beeni suggested
by Colonel Lister for demonstrating the position of foreign
bodies in the eye, on the lines laid down by Captain
J. Herbert Fisher, F.R.C.S., R.A.M.C., in his article in tlle
Ophthalmic Review,

EMPLOYMENT OF RADIOSCOPY.
It would appear expedient specially to empliasize thedainger of substituting radioscopy for radiograply in thie

localization of foreign bodies except in occasional casesWIhen a number of cases require attention, radioscopy is
undoubtedly the more expeditious, but more than one
operator in France lhas had llis face anld hands severely
burnt by excessive use of the screen. Further, tlle radio-
graplie plate, even tlhouglh the structures lhave a double
contour, can afford very definite assistance to the surgeon
at tlle timle of operation.
The removal of foreign bodies under tile fluorescent

screen has been employed to a considerable extent in
some hospitals, tlle following method and precautions
being adopted:

The patient is laid on tlle x-ray couch and anaesthetized.
The part to be examnined is cleansed and covered with a

sterile towel, upon whiclh tlle fluorescent screen is placed.
The current being turned on, the diaphraam on the tube
box beneatlh the table is reduced in diameter enouglh to
define the foreign body clearly, whieli procedure also cuts
off all unnecessary rays, and so saves the operator's hands.
By pressing on the skin in tlle neighbourhood of the
foreign body and noting its maximum movement it is easy
to ascertain at wlhat point the foreign body is nearest to
the surface, and it can then be determined whetlher it
should be removed through tlle original track or whether
a freslh incision slhould be made directly over it. Whi-el-
ever proceeding be decided upon, the point of a forceps is
now introduced and puslhed on until it reaclhes the foreign
body. By moving the points up and down alternately it
can be noted whlliclh movement causes the greatest dis-
placement of the foreign body, and tlhus it is known
wlhether the forceps occupy a plane above or below it.
A little practice enables the forceps to be broualgt quickly
into contact witlh tlie foreign body, wlhen thley are opened
just sufficiently widely to allow it to be g-asped without
the inclusion of mnusele or otlher structures surrounding it.
As an extra precaution it is well to place a sheet of

aluLininium 1 mnm. in thickness over thee diaplhragllm in
order to cut off tlle soft rays.

RAPID LOCALIZATION OF BUILLETS OR SHRAPNEL BALLS
FROM A SINGLE RADIOGRAPH ON A SINGLE PLATE.

This metlhod, devised by Captain Pirie, C.A.M.S.,23 is
obviously limited in application, since it assuimes that only
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bullets and shrapnel balls of the same calibre are being
dealt witlh.
A key radiograpllic table is prepared by making

radiograpls of the bullet or slhrapnel ball at the
following distances from the plate: 0, 1, 2, 3, 4, 5, 6 in.
(Fig. 14.)
The diameter of the bullet or ball casts a shadow the

width of which is proportional to its distance from tlle
plate, no matter at what angle the missile may be lying.
Trhe lengtll of the bullet forms no guide.
A measurement of the uniformly cylindrical portion of

the bullet is made with a fine pair of divider,s; the latter
are then transferred to the key plate and compared with
the shadows; the slhadow whlichl they fit exactly, decides
the depth of the bullet. The same method applies to the
slhrapnel ball, provided it is not more than very slighitly
deformed.

ANATOMICAL LOCALIZATION OF A METALLIC FOREIGN
BODY AND RECONSTRUCTION OF ITS TRACK.

Captain Crymble2' has slhown the practical possibility of
combining radiographic results with the information which
can be obtained from a study of sectional anatomy. By
this combination the actual anatomical position of a foreign
body can be determined in addition to its depth from the
surface or relation to neighbouring bony points. To attain
this object lie has employed a series of original coronal
and horizontal sections of the body, and also the atlas of
cross section anatom-y of Eycleshymer and SIhoemalker.
By marking tlhe vertical and lateral positions of the foreign
body on a reconstruction of the part of the body concerned,
obtained by replacing the sections in position, the sections
corresponding to the position of the missile and the track
leading thereto are selected.

Application of the depth measurement from the surface,
or observation of the relation of the bone to tlle surface
of the section of the body actually occupied by the missile,
then allows the definite anatomical structure enclosing the
foreign body to be determined.
The structures involved tlhroughout the entire length of

the track may also be worlked out by the employment of a
reconstruction viewed from tlle anterior aspect, and another
viewed from the lateral aspect. On these the positions of
the entry wound and of the foreign body are marked
respectively. If no bone lesion is present the positions of
the entry wound and of the foreign body are connected by
a straiglht line. Wlhere a bone lesion is present the line is
carried from tlle wound to the bone lesion by a straighlt
line, and from this point a second straiglht line connects
the position of the bone lesion with that of the foreign
body. Reference to tlle anterior reconstruction will then
give the lateral position of the track in any section, and
reference to tlle lateral reconstruction will give tlle sagittal
or antero-posterior position in any section.
Crymble points out that tlle method is seldom needed in

dealing with tlle limbs, but it is more useful in regions like
the hip or the great body cavities. Further, anatomical
localization both of tlle track and the missile is of extreme
importance in prognosis and treatment in injuries to the
head, and also affords a valuable means of studying the
functions of the brain.
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ON SOME ANAEROBES FOUND IN WOUNDS
AND THEIR MODE OF ACTION IN

THE TISSUES.
BY

HERBERT HENRY, M.D., CAPTAIN R.A.M.C.
(From the Laboratory of a Base Hospital in France.)

THE literature on the anacrobes is beset with so many
contradictory statements that it is impossible to construct
from it an accurate account of the reactions of even the
better known organisms. Experience lhas shown that this
confusion is due almnost entirely to the investigation of
impure cultures, for, witlh tle establishment of a more
exact and rigorous techinique, the features of individual
species are found to becoine more clearly defined, and
previously existing discrepancies tend to disappear alto-
gether.

A CLASSIFICATION OF ANAIROBES.
All the ana6robes isolated from wounds are probably

faecal in origin. Thley give vigorous ferm-ientation re-
actions in the presence of organic material, and according
to their biochiemical activities they mnay be divided into
two main groups-tlle saccharolytic group and the
proteolytic group.

I. The Saccharolytic Grotlp.
The memubers of tllis group vigorously decompose a

variety of carbohydrates with the prodtuction of acid and
gas, but they are only feebly proteolytic. The group
comprises:

1. B. ivelchii. (Synonyms : B. aelogenes capsutlatu.s of
Welch and Nuttall; 1 B. petfrinjetis of Veillon and
Zuber ; 2 B. p7degmonis etaphysemtatosae of Fraenkel.3)

2. B. tertilts. (Synionyms: Bacillus Y of Fleming; 4 B. von
Hibler IX or B. rodella III of Robertson.5)

3. B. fallax of Weinberg.6
4. B. aYrofetidus of Weinberg.7
5. B. oedeiniatienis of Weinberg.8

Pasteur's Vibrion septique would seem to belong to this
group, but it is omitted because we have lhad as yet no
opportunity of establishing its characteristics.
The sugar reactions which have been found to hold good

after a long series of observations are given in the following


